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CHAPTER I. 



MODIFIED DRIFT IN NEW HAMPSHIRE. 



llpHE portion of geological history of which we have our principal 
«A> record in the Modified Drift, begins with the departure of the 
great northern ice-sheet, and extends from that time to the present. 
The deposits included under this title are the water-worn and stratified 
gravel, sand, and clay or silt, which occur abundantly in almost every 
valley in the state. These river-lands comprise the intervals, which are 
annually overflowed at the high water of spring, and successive terraces 
which rise in steps upon the side of the valley, the highest often forming 
extensive plains. 

The origin and distribution of these materials present many interesting 
questions. When the terra was first employed, it was the prevailing 
opinion that modified drift was gradually formed from the unmodified 
glacial drift by the ordinary action of rain and streams ; and similar 
materials in small amount have been added by these causes, which are 
still at work. The boulder that is separated from the ledge by frost, and 
carried forward by the heaviest floods of a mountfun torrent, is on its way 
to form a part successively of the coarse rounded gravel, sand, and silt, 
over which the river flows on its journey to the sea. It is evident, 
however, that the high terraces and wide plains bordering our rivers 
were formed by much greater floods than those of the present time, 
laden with vast quantities of alluvium. Both the materials and the water 
for sweeping thera into the valleys appear to have been supplied by the 
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4 * SURFACE GEOLOGY. 

melting of an immense sheet of ice. These deposits thus had the same 
origin with the glacial drift; but they have been modified, being sepa- 
rated from the coarser portions, and further pulverized or rounded, and 
assorted in layers, by water. 

The Glacial Period. 

The indications of a glacial period abound in all northern countries 
whose geology has been explored; and in New Hampshire they are prob- 
ably as well shown as in any part of the world. Underlying the modi- 
fied drift we often find masses of earth and rocks mingled confusedly 
together, without stratification or any appearance of having been depos- 
ited in water. These are the glacial drift or till. Unlike the modified 
drift, till is distributed with no reference to lines of drainage, and fre- 
quently covers the slopes or lies at the summits of our highest hills and 
mountains. The boulders which it contains, or which lie upon its sur- 
face, are of all sizes up to ten feet, or rarely even twenty or thirty feet, in 
diameter; and in this state they have nearly all been transported south- 
ward from their native ledges. Where an outcrop of rock is so peculiar 
that its boulders cannot be confounded with those from other ledges, we 
may trace them southward or south-eastward, but not in other directions. 
They are abundant near their source, and diminish in numbers and size 
as we advance. The till of New Hampshire contains boulders which are 
thus known to have travelled a hundred miles. Wherever till occurs, it 
is also found that the ledges have been commonly worn to a rounded 
form ; and, if the rock is sufficiently durable, it is covered with long par- 
allel scratches or stritB, which have the same direction with the dispersal 
of rocks in the till. The same areas are also characterized by extensive 
deposits of modified drift. 

To explain these related facts was a most difficult task, which remained 
after nearly all other great questions in geology had been settled. The 
theory which has now been received by most who have studied this sub- 
ject was first brought out prominently by Agassiz in 1840, and was based 
upon his studies of the glaciers in the Alps. There fields and rivers of 
ice several hundred feet in depth are found descending from the regions 
of perpetual snow, their rate of motion being from one to five hundred 
feet, or even more in their steepest portions, in a year. Many angular 



Hosted by 



Goosle 



MODIFIED DRIFT IN NEW HAMPSHIRE. $ 

blocks and fragments which fall from the bordering cliffs are carried along 
on the surface of the ice, or are contained in its mass with others torn 
from the rocks over which it moves, and under its vast weight these act 
as graving tools to round and striate the ledges beneath. The similar 
striation of all northern countries, and the formation of the till, are proba- 
bly due to a similar cause, namely, a moving ice-sheet which overspread 
the continents from the north. 

This continental glacier had accumulated sufficiently deep to cover 
every mountain summit in New Hampshire. That it overtopped Mount 
Washington is fully proved by recent discoveries of the state geologist.* 
Its thickness farther to the north was so much greater than in this lati- 
tude that its immense weight caused the ice to flow slowly outward. 
The direction of its current in New England was between south and 
south-east. Its terminal front in the United States coincided nearly with 
the course of the Missouri and Ohio rivers, passing into the ocean south 
of Long Island. Its greater extent east of the Missouri resulted from the 
increased snow-fall of this side of the continent. The termination of this 
ice-sheet in the Atlantic, south-east of New England, was probably like 
the great ice-wall bordering the Antarctic continent, along which Sir J. 
C. Ross sailed four hundred and fifty miles, finding only one point low 
enough to allow the upper surface of the ice to be seen from the mast- 
head. Here it was a smooth plain of snowy whiteness, extending as far 
as the eye could see. The Humboldt glacier, in Greenland, discovered 
by Dr. Kane, is sixty miles wide where it enters the sea, above which it 
rises in cliffs three hundred feet high. All icebergs have their origin 
from glaciers which thus extend into the ocean, being broken off, because 
of their lower specific gravity, by the uplifting power of the water. 

Cause of the Arctic Climate. The conditions which brought on the 
severe climate of this epoch have been the subject of much speculation 
and discussion. A theory which, with much probability, refers the ice- 
sheet to an astronomical cause, and claims to determine the date and 
duration of the glacial period, was proposed by James Croll in 1 864, and 
has been advocated by James Geikie in his recent work on the Great Ice 
Age. The earth's path about the sun is not exactly a circle, but is a 
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6 SURFACE GEOLOGY. 

nearly circular ellipse, so that at one point of its orbit it is somewhat 
farther from the sun than at the opposite point. This eccentricity of the 
earth's orbit is not constant, but increases and diminishes through long 
periods. During the past fifty thousand years it has been comparatively 
small, and will continue so for the same time to come. The last period 
of great eccentricity began about 240,000 years ago, and lasted 160,000 
years. During this time the winters which occurred farthest from the 
sun, or in aphelion, would be longer and colder than now. The sum- 
mer's heat would be increased in the same proportion, but it is argued 
that its length would not suffice to melt the annual accumulation of snow. 
This would gain slowly in depth, and become sohdified, till a large part of 
this hemisphere would be enveloped in ice. At the same time the oppo- 
site side of the globe would have a short, mild winter, and a long, cool 
summer. Owing to other astronomical causes, known as the precession 
of the equinoxes and motion of the line of apsides, these different climates 
would not be permanent for each hemisphere during the whole of this 
long period, but they would be several times changed, prevailing by turns 
on each side of the equator. In 21,000 years the hemisphere which at 
first had its winter at aphelion would have passed through a cycle, in 
which its place in winter would have traversed the entire orbit, — falling 
after half this time at perihelion, and finally arriving at its first position. 
This theory accordingly supposes that an ice-sheet was produced several 
times about each pole, alternating with long intervals of genial tempera- 
ture, in which it disappeared. Stratified deposits of sand or clay contain- 
ing organic remains have been found in Europe, underlaid and overlaid 
by till, proving the existence of mild inter-glacial epochs. Equally certain 
proofs of these are rarely found in America. Thick beds of modified 
drift in the midst of till occur in New Hampshire, but they do not appear 
to prove a disappearance and return of the ice-sheet. 

If glacial epochs are produced by a great eccentricity of the earth's 
orbit, we should also expect indications of ice-action in the older rocks, 
and probably many coarse conglomerates have been formed in this way. 
The remote date to which this theory assigns the last glacial period is not 
improbable, as the amount of erosion effected by Niagara river since the 
ice age, and other facts bearing on this question, indicate a similar lapse 
of time. This, however, seems but as yesterday when it is compared 
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MODIFIED DRIFT IN NEW HAMPSHIRE. / 

with the distant Eozoic and Paleozoic past, tn which the rocky strata 
of New Hampshire were deposited beneath the sea and upheaved in 
crumpled folds to form our hills and mountains. 

The theory of Mr. CroU,* which supposes that during the long period 
of great eccentricity glacial and warm inter-glacia! epochs succeeded 
each other in cycles of 21,000 years, does not seem to be sustained so 
fully as we should expect by evidence of such warm intervals, which he 
thinks even in arctic latitudes would be nearly free from ice and snow. 
A consideration of what we have to explain by the agency of ice, and of 
the mode in which these results are likely to have been produced, seems 
to point to a very long, continuous period of glacial action, with times of 
retreat and advance, but not apparently of complete departure and return 
of a continental ice-sheet. By other writers the glacial climate is be- 
lieved to have been principally caused by a different distribution and 
elevation of the land, attended with changes in the direction of oceanic 
currents, Even if a supposed combination of such conditions could be 
shown to be adequate to produce the ice-sheet, it seems more reasonable 
to attribute its origin to an astronomical cause, which we know to have 
existed, with a tendency to bring about these results. As very intense 
cold is not required for the accumulation and preservation of snow and 
ice, may not the continually cool climate, when winter occurred in peri- 
helion during the period of great eccentricity, have kept the ice-sheet 
which was already formed from being melted? The rare testimony of 
any retreat and subsequent advance of the ice during the glacial period 
in America, with the vast results which were accomplished in this time, 
favor this view. 

The motion of the ice, being produced by the pressure of its own 
weight, and extending immense distances over a comparatively level but 
very irregular surface, must have been exceedingly slow. The average 
yearly progress of the glaciers of the Alps is about three hundred feet. 
The continental glacier, which striated the northern United States and 
Canada, must have had a much less slope. If its upper surface de- 
scended only one foot in two hundred, which in this state is consid- 
ered a very moderate railroad grade, the ice would increase one mile in 
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thickness for every two hundred miles that we advance towards the head 
of its outflow at the north. Over the highlands between the St. Law- 
rence valley and Hudson bay it would have been three or four miles 
in depth, and at the same time probably much deeper over Greenland. 
Even with this vast accumulation of ice we have so gentle a slope to 
produce its motion that we can scarcely suppose this progress, at least 
in its lower portion, which passed over the very uneven surface of the 
land, to have exceeded one twelfth that of the glaciers in the Alps. This 
would give us an advance of twenty-five feet yearly, requiring 21,000 
years to move one hundred miles. If these conclusions are any ap- 
proximation to the truth, the highest rate of motion which could be 
attained by the ice-sheet at its greatest depth, continuing through half 
of this time, would seem quite inadequate to plough up and remove 
the extensive and thick deposits of .stratified gravel, sand, and clay 
which we now iind in New Hampshire, so that scarcely any traces of 
them would remain. Similar deposits of modified drift would have been 
formed at each melting away of the ice; and their almost complete 
removal in the epochs during which this theory supposes the ice-sheet to 
prevail seems improbable, when we consider the slowness of its motion. 

The accumulation of the vast thickness of ice which must have existed 
at the north, probably amounting to twenty thousand feet, seems also to 
require a longer time than Mr. Croll's theory allows. The average rain- 
fall of New England is about three and a half feet, three fifths of which 
are evaporated from the surface, while two fifths flow to the sea. This 
rain-fall exceeds that of the continent northward and westward. Proba- 
bly it was from a precipitation of snow and rain of no greater amount 
that the ice-sheet increased in thickness from year to year. Melting and 
evaporation must have removed a large portion of this ; and an annual 
addition of two feet of ice seems to be too high an estimate. The forma- 
tion of the ice-sheet would thus occupy all the time through which it is 
supposed to act in any single glacial epoch. 

Another consideration which adds to the probability that the ice-sheet 
continued through the whole period of great eccentricity, being princi- 
pally formed in the successive epochs when the winters occurred near 
aphelion, but not disappearing when winters fell at perihelion, is found 
in the great elevation of these ice-iields which over the White Moun- 
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tains reached nearly or perhaps quite to the line of perpetual snow, while 
farther northward they rose far above this line. The very low tempera- 
ture which this must cause would seem to make it improbable that the 
changed proportions of heat received from the sun, such as to produce, 
if no ice existed, a mild winter and a cool summer, could melt this vast 
mass of ice and bring a temperate climate in its place. It is certain that 
this or some other cause partially melted this ice at times, and that it 
afterwards advanced, covering the territory from which it had retreated ; 
but the work which the ice-sheet accomplished, the length of time requi- 
site for its formation, and the low temperature of the altitude to which 
it reached, render it improbable that it was several times wholly melted 
away, alternating with warm inter-glacial periods. The view here taken 
is, that the glacial period was principally produced by the last great 
eccentricity of the earth's orbit, the changed proportions of heat re- 
ceived from the sun in the different seasons of the year favoring the 
accumulation and preservation of vast sheets of ice, which existed in the 
northern and southern hemispheres at the same time, 

Formation and Distribution of Till. The till or coarse glacial drift 
was produced by the long-continued wearing aud grinding of the ice- 
sheet. As this slowly advanced, fragments were torn from the ledges, 
and a large part of these were sooner or later held in the bottom of the 
ice, and worn to small size by friction upon the surface over which it 
moved. The resulting mixture formed beneath the ice is variously called 
the ground moraine, boulder-clay, or Lower Till. It consists of smoothed 
and striated stones, with fine detritus, which is usually a gravelly clay 
of dark bluish color, being always clayey, dark, and very hard and com- 
pact. The characteristics of the lower till are due to the mode of its 
formation. Most of its pebbles and boulders are glaciated, having 
rounded edges and smoothly-worn sides, which often retain striae. These 
show that the finer material in which they occur has been produced by 
the slow grinding up of these stones under the ice. The dark and usu- 
ally bluish color is due to seclusion from air and water during its forma- 
tion, as pointed out by Torell, leaving its iron principally in the form of 
ferrous silicates or carbonates. Its compactness and hardness are due to 
compression under the great weight of ice. Because of this quality, the 
lower till is commonly known as "hardpan." 

VOL, III. 2 
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While this deposit was thus accumulating beneath the ice, great 
amounts of material, coarse and fine, were swept away from hill-slopes 
and mountain sides, and afterwards carried forward in the ice. When 
this melted, a large portion of the material which it contained fell loosely 
upon the surface, forming an unstratified deposit of gravelly earth and 
boulders, which may be called the Upper Till. There is almost always 
a definite line of separation, at a depth varying from two or three to fif- 
teen or twenty feet, between the upper and lower till. It will be seen 
that the upper member is the one usually exposed at the surface, and it 
is often the only one present where only a thin covering of till is found. 
Its characteristics are the larger size of its boulders, which are mostly 
angular and unworn, and commonly derived from less remote localities 
than the glaciated stones in the lower til! ; the yellowish or reddish color 
of its fine detritus, produced by the hydrated ferric oxide to which its 
iron has been changed by exposure to air and water ; and the compara- 
tive looseness of its whole mass. This division of the till into two 
members, which is very well marked throughout New Hampshire, is 
also conspicuous in Sweden and other parts of Europe; and the peculiar 
features of each have been recently pointed out by Dr. Otto Tore!!, o£ 
Sweden,* in nearly the same terms here used. 

The distribution of the till in this state and in eastern Massachusetts 
is quite irregular. Sometimes no considerable accumulations of it are 
seen for several miles, and the ledges lie at or near the surface. Else- 
where the till occurs in large amount, covering the ledges which are 
scarcely exposed over some whole townships near the coast. Wherever 
it is found plentifully, it is to a large extent massed in pecuHar oblong or 
sometimes nearly round hills, which usually have quite steep sides and 
gently sloping, rounded tops, presenting a very smooth and regular con- 
tour. These hills are of all sizes up to one third or one half mile long, 
with two thirds as great width ; and their longest axis is most frequently 
north-west to south-east, coinciding nearly with the current of the ice- 
sheet. Their height varies from forty or fifty to two hundred feet. These 
accumulations of till are most abundant near the coast, where they some- 
times occupy nearly the whole territory for many miles, while adjoining 
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areas on each side may be nearly destitute of surface deposits, showing 
only naked, striated ledges. The peculiar distribution o£ the till, the dis- 
persal of boulders, the course of strire, and other topics connected with 
the unmodified glacial drift, will form the subject of the next chapter of 
this report. Having taken this brief view of the glacial period, we are 
now prepared to understand the origin of the modified drift 

The Champlain Period. 

The departure of the ice-sheet was attended with a comparatively 
rapid deposition of the abundant materials which it contained. It is 
probable that its final melting took place mostly upon the surface, so 
that at the last great amounts of detritus were exposed to the washing 
of its innumerable streams. The finer portions of these materials would 
be commonly carried away; and the strong current of the rivers which 
would be formed near the terminal front of the ice-sheet could transport 
coarse gravel, or even boulders of considerable size. When the glacial 
river entered the open valley from which the ice had retreated, or in the 
lower part of its channel while still walled on both sides by ice, its 
current was slackened by the less rapid descent, causing the deposi- 
tion, first, of its coarsest gravel, and afterwards, in succession, of its finer 
gravel, sand, and fine silt or clay. The valleys were thus filled with ex- 
tensive and thick deposits of modified drift, which increased in depth in 
the same way that additions are now made to the bottom-land or interval 
of our large rivers by the annual floods of spring. The portion of the 
material contained in the ice-sheet which escaped this erosion of its 
streams formed the upper till. The abundant deposition of drift, both 
stratified and unstratified, during the final melting of the ice-sheet, has 
been brought into due prominence by Prof. James D. Dana,* who de- 
nominates this the Champlain period, deriving the name from marine 
beds of this era, which occur on the borders of Lake Champlain. 

The retreat of the ice-sheet was towards the north-west and north ; and 
wherever the natural drainage was in the same direction, it would be for a 
time obstructed hy the ice, forming lakes in which the deposition of mod- 
ified drift would be much different from that which took place where the 
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slope was to the south. In New Hampshire, the portion of the Contoo- 
cook valley which extends through Hillsborough county was thus occu- 
pied by a lake during a large part of the Champlain period. 

Karnes. The oldest of our deposits of modified drift are long ridges or 
intermixed short ridges and mounds, composed of very coarse water-worn 
gravel, or of alternate layers of gravel and sand irregularly bedded, a sec- 
tion of which shows an arched or anticUnal stratification. Wherever the 
ordinary fine alluvium also occurs, it overlies, or in part covers, these 
deposits. Similar ridges of gravel have been often described by European 
geologists, under the various names of Karnes in Scotland, Eskers in Ire- 
land, and Asar in Sweden. The first of these names will be adopted in 
this report. They have also been described by geologists in many por- 
tions of the northern United States. In New Hampshire, kames are of 
frequent occurrence, sometimes a single one extending in a very steep, 
narrow ridge for miles along the lowest portion of a valley, or elsewhere 
short and several parallel to each other, or in very irregular mounds and 
ridges, with hollows enclosing small ponds. Their position is generally 
along the middle or lowest part of the valleys, which are bordered by high 
ranges of hills; but in the south-east part of the state, in some parts of 
Maine, and in eastern Massachusetts, where there are only scattered hills 
with the valleys not much below the general level of the country, these 
ridges, of smaller size than in the great valleys, arc found extending usu- 
ally north and south, without special regard to the present water-courses. 
In the valleys of our two largest rivers, the Connecticut and Merrimack, 
they extend long distances, but had heretofore escaped notice, owing to 
the large amount of levelly stratified alluvium, forming the conspicuous 
terraces and plains by which the underlying kames are often nearly 
concealed. Before this later alluvium was deposited, a kame had been 
formed in the Connecticut valley, which extended for many miles in a 
single continuous ridge, from one hundred to two hundred and fifty feet 
high, with steep sides ; and in the Merrimack valley a continuous series 
of kames had been formed, consisting sometimes of a single ridge, and 
again of several parallel to each other. Another interesting series of 
kames extends from Saco river to Six-mile pond, and from Ossipee lake 
south-easterly along Pine river, and by Pine River and Balch ponds into 
Maine. The first description of any of these ridges in America appears 



Hosted by 



Goosle 



■ MODIFIED DRIFT IN NEW HAMPSHIRE. 1 3 

to have been given by Dr. Edward Hitchcock in 1842,* respecting a 
series which is well shown in Lawrence and Andover, Mass. Short 
kanies, and small areas occupied by a confusion of gravel ridges and 
mounds, but not connected with any extended series, are also frequently 
found. 

The origin of the kames has been a question much discussed by Euro- 
pean geologists, and the theory commonly accepted on both sides of the 
Atlantic was, that they were heaped up in these peculiar ridges and 
mounds through the agency of marine currents during a submergence of 
the land. Even if such ridges could be formed by this cause under any 
circumstances, it seemed impossible to account thus for the kanies in the 
Connecticut and Merrimack valleys, which, being bordered on both sides 
by high hills, would have been long estuaries open to the sea only at their 
mouths, and therefore not affected by oceanic currents. From the posi- 
tion of these peculiar accumulations of gravel, which are overlaid by the 
horizontally stratified drift, the date of their formation is known to be 
between the period when the ice-sheet moved over the land and that 
closely following, in which this more recent modified drift was deposited 
in the open valley from the floods that were supplied by the melting ice. 
We are thus led to an explanation of the kames, which seems to be sup- 
ported by all the facts observed in New Hampshire, and which appears to 
apply, also, to the similar deposits which have been described in other 
parts of the United States and in Europe. During the melting of the 
ice-sheet it became moulded upon the surface, by this process of destruc- 
tion, into great basins and valleys ; and at the last the avenues by which 
its melting waters escaped came gradually to coincide with the depres- 
sions of our present surface. These lowest and warmest portions of the 
land were first uncovered from the ice; and as the melted area slowly ex- 
tended into the continental glacier, its vast floods found their outlet at 
the head of the advancing valley. This often took place by a single 
channel, bordered by ice-walls, as was the case along the whole Connecti- 
cut kame ; but in the Merrimack valley, and in eastern New Hampshire 
and Massachusetts, these glacial rivers also frequently had their mouth by 
numerous channels, which were separated by ridges of ice. In these 
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channels were deposited materials gathered by the streams from the 
melting glacier. By the low water of winter layers of sand would be 
formed, and by the strong currents of summer layers of gravel, often very 
coarse, which would be very irregularly bedded, here sand and there 
gravel accumulating, and without much order intcrstratified with each 
other. Sometimes the melting may have been so rapid that the entire 
section of a kame may show only the deposition of a single sutnmer, 
which would then be very coarse grave! without layers of sand. When 
the bordering and separating ice-walls disappeared, these deposits re- 
mained in the long ridges of the kames, with steep slopes and irregularly 
arched stratification. Very irregular short ridges, mounds, and enclosed 
hollows resulted from deposition among irregular masses of ice. 

The glacial rivers which we have described appear to have flowed 
in channels upon the surface of the ice, and the formation of the kames 
took place at or near their mouths, extending along the valleys as fast as 
the ice-front retreated. Large angular boulders are sometimes, but not 
frequently, found in the kames, or upon their surface. They appear to 
have been transported by floating ice. Their rare occurrence forbids the 
supposition that these deposits were formed in channels beneath the ice- 
sheet, from which many such blocks would have fallen upon the kames. 

The necessity of referring the formation of the gravel ridges to glacial 
rivers became apparent during the exploration and study of our modified 
drift in 1875 ; and in August, 1876, this was announced in a paper "On 
the Origin of Kames or Eskers in New Hampshire."* In the revised 
edition of Geikie's Great Ice Age, published in London in the winter of 
1S7&-77, this distinguished glacialist retracts his former opinion that the 
kames were heaped up by marine currents, and attributes their formation 
to sub-glacial rlvers.f This may be the true explanation in some cases, 
for such rivers probably existed through the glacial period; but more 
commonly it would appear, as already shown, that the kames were depos- 
ited at the final melting of the ice-sheet in channels formed upon the 
surface of the ice, 

• Prixitdings .if American A!txmti<iKMIhiAdi«inct>KnitcfS<ri!act,ia\.-i5. 
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Plains and Terraces. The extensive level plains and high terraces 
which border our rivers, constituting the most conspicuous and by far 
the largest portion of our modified drift, were also deposited in the 
Chainplain period. The open valleys became gradually filled with great 
depths of horizontally stratified gravel, sand, and clay, which were brought 
down by the glacial rivers from the melting ice-sheet, or washed from 
the tin after the ice had retreated, and which were deposited in the same 
way as by high floods at the present time. The departing ice-sheet was 
the principal source both of the vast amount of material and of water for 
transporting it into the valleys, which appear in most cases to have been 
filled to the level of the highest terraces or plains. The prevailing hori- 
zontal stratification of these deposits shows that they were spread over 
large areas by the current of the floods which held them in suspension. 
The modified drift thus increased in depth in the principal valleys through 
a long period, which may have continued until the last of the ice at the 
head of the valley and of its tributaries had disappeared. 

The Terrace Period. 

During the recent or terrace period the rivers have been at work exca- 
vating deep and wide channels in this alluvium. The terraces mark 
heights at which in this work of erosion they have left portions of their 
successive flood-plains. As soon as the supply of material became insuf- 
ficient to fill the place of that excavated by the river, a deep channel was 
gradually formed in the broad flood-plain. The process was very slow, 
allowing the river to continue for a long time at nearly the same level, 
undermining and wearing away its bank on one side, and depositing the 
material on the opposite side, till a wide and nearly level lower flood-plain 
would be formed, bordered on both sides by steep terraces. When the 
current became turned to wear away the bank in the opposite direction, a 
large portion of this new flood-plain would be undermined and re-depos- 
ited at a lower level; but the direction of the current's wear might be 
again reversed in season to leave a narrow strip, which would then form 
a lower terrace. In this way the Connecticut river, along the greater 
part of its course on the west border of New Hampshire, has excavated 
its ancient high flood-plain of the Champlain period to a depth of from 
one hundred and fifty to two hundred feet for a width varying from one 
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eighth mile to one mile, leaving numerous terraces at each side. The 
Merrimack and Saco valleys show similar erosion, and it may be seen 
upon a small scale on every river in the state. On our largest rivers we 
see the highest plain in some places, and the lower terraces very fre- 
quently, being now undermined by the wear of the current, forming steep 
bluffs and banks. It seems impossible to explain in any different way 
the cause of the slope, often nearly as steep as is possible for loose mate- 
rials, which forms the abrupt face or escarpment of level-topped and 
horizontally stratified terraces. The finer character of the materials 
which compose the lowest terraces and the interval, or present flood- 
plain, is due to this wearing away and re-deposition by the river, which 
have been many times repeated, till what may have been at first gravel 
becomes very fine sand or silt. By each removal it is made one degree 
finer, and is deposited at a lower level and farther down the stream. The 
end of its slow journey is the sea, where it will help to make the sedi- 
mentary rocks of this epoch. It has completed a great cycle of changes, 
ending where the upheaved and contorted ledges from which, it was de- 
rived had their remote beginning. 

Deltas of Tributaries. Upon entering the large valleys, tributary 
streams of comparatively narrow channel and rapid descent frequently 
formed extensive deposits in the Champlain period, similar in material 
to the flood-plain of the main valley, but having a greater height. Some- 
times these deltas, being partially undermined, form conspicuous terraces 
a hundred feet above the highest normal terrace, which is the remnant of 
the river's continuous flood-plain. The deposition of the modified drift 
of the main river was usually but not always to the same level across the 
valley. The increased supply from tributaries was sometimes a tempo- 
rary barrier, damming up the waters of the main valley above; and the 
current could then deposit its sediment principally upon one side, making 
the highest normal terraces quite different in elevation. 

Dunes. Wind-blown banks of sand or dunes, apparently isolated on 
the hillsides, are occasionally found along the cast side of Connecticut 
and Merrimack valleys and south-east of Ossipee lake, at heights vary- 
ing from the level of the highest terrace or plain to two hundred feet 
above it. These patches of sand are very conspicuous, because they are 
often destitute of vegetation, being blown in drifts by the wind. They 
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vary in size, the largest sometimes covering an acre or more, with their 
thickest portions from ten to fifteen feet in depth. These dunes appear 
to have been swept up from the broad plains of the Champlain period, 
before forests had fully covered the land, by the strong north-west winds, 
which we may suppose prevailed the same then as now. That this is a 
true explanation of these high banks of sand appears to be proved by the 
fineness of their material, which contains only particles such as could be 
carried by the wind ; by their frequent occurrence on the east side of the 
valleys, where they would be formed by the prevailing strong north-west 
winds, while they are not found on the opposite side; and by the train 
of sand-drifts usually grassed over, which may be traced down in a north- 
west direction from the banks of sand now blown by the wind to the 
normal modified drift. Since the clearing away of the forest, the upper 
portion of these trains of sand has sometimes been carried several hun- 
dred feet onward, and from thirty to fifty feet higher. The excavation 
of the old drifts has been six or seven feet in depth, as shown by great 
stumps, beneath which the sand has been swept away. These dunes are 
ridged, channelled, and heaped up by the wind in the same manner as 
the more extensive dunes of a sea-coast. 

Modified Drift overlaid by Till. About Winnipiseogee lake beds of 
stratified clay are often found underlaid and overlaid by till. The clay is 
free from pebbles, and well suited for brick-making. It varies from five 
or ten to thirty feet in thickness, and occurs at various heights from the 
level of the lake to three hundred feet above it. The overlying till is from 
two or three to ten or fifteen feet in thickness, wholly unstratified, and 
very coarse, containing numerous boulders, which may be five or six feet 
in diameter. These remarkable clay-beds probably accumulated during 
the departure of the ice-sheet, in spaces melted under the ice, between it 
and the lower till. 

Modified Drift near the Coast. About Dover, and southward near the 
sea-coast, thick deposits of modified drift, sometimes forming extensive 
plains, are found occupying areas of water-shed from one hundred to two 
hundred feet above the streams, which often flow in wide valleys that are 
nearly destitute of modified drift. Some of these, as the high plains of 
coarse gravel and sand about Willand and Barbadoes ponds, near Dover, 
seem to have been produced by the rapid deposition of materials brought 
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down from the ice-sheet by glacial rivers. At the time of their formation 
the adjoining valleys were probably still occupied by the unmelted ice. 
Nearer to the coast we find in this situation beds of fine gravel, sand, or 
clay, sometimes enclosing marine shells and pine cones, and in several 
instances overlaid on their north-west side by coarse glacial drift or 
upper till a few feet in depth, giving evidence of a retreat and subsequent 
advance of the ice sheet. 

Submergence by the Sea. These marine deposits, which reach to about 
one hundred and fifty feet above the sea, afford the only certain proof 
found in our exploration of the modified drift in New Hampshire of any 
change in the relative heights of land and ocean. With the exception of 
the trunks, branches, and leaves of trees, which have been rarely found, 
ail the rest of our modified drift is, so far as known, destitute of organic 
remains; and we have seen that the explanation of the thick deposits 
of the Chaniplain period, and of their present excavated and terraced 
condition, requires no submergence by the sea, nor change in the 
height and slope of the land. It seems quite probable that the sub- 
mergence in the glacial period, of which we have proof, amounting to 
fifty feet in southern New England, two hundred feet on the coast of 
Maine, and about five hundred feet in the valley of the St. Lawrence, was 
not caused by any downward and upward movement of the earth's sur- 
face, but by the attraction of the immense masses of ice, which, as pointed 
out by Adh^mar, would draw the ocean away from the equator towards 
the poles. The whole amount of water in the sea was diminished, but 
the accumulation of vast sheets of ice, several miles in thickness, would 
be sufficient to retain the ocean at its present height near their lower 
limits, while it would rise much higher than now about the poles, and at 
the equator would sink far below its present level. Such a rise of the 
sea, increasing in amount at high latitudes, is attested by the modified 
drift of both America and Europe ; and coral islands afford proof of the 
corresponding depression of the ocean, succeeded by a gradual elevation 
to its present height, over large areas within the tropics. 

The two great continents appear to have existed, with somewhat the 
same outlines as now, from a very remote geological epoch. From the 
Silurian age to the glacial period we have no record that any part of New 
Hampshire was submerged beneath the ocean ; and nearly all that we can 
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say of its history through this vast extent of time is, that it probably had 
for the most part a temperate climate, and witnessed the same slow suc- 
cession in its forms of vegetable and animal life of which the coal meas- 
ures and later rocks in other parts of the United States bear witness. 
This comparative stability through long ages makes it more probable that 
these recent changes in the relative heights of land and sea are due to 
the cause which we have explained rather than to movements of the land. 
The exploration of the modified drift in New Hampshire, under direc- 
tion of the state geologist, was principally made in 1875. In this work 
on the Connecticut and Merrunack rivers the author had the valuable 
assistance of WiUiam F. Flint, being thus enabled to map all the terraces 
of these rivers, and measure their heights by an engineers' level. On the 
Connecticut, this was more conveniently done, and the expense lessened, 
by employing a boat, which was built by Mr. Flint, for the journey be- 
tween Mclndoe's Falls and Massachusetts line. The particular descrip- 
tion of the modified drift of the state will be taken up in the following 
order: Connecticut river, followed by such of its tributaries as have been 
examined; Merrimack river, followed by Contoocook river and Winnipi- 
seogee and Squam lakes ; Androscoggin river ; Saco river and basin of 
Ossipee lake ; basin of Piscataqua river ; and the sea-coast. 

Modified Drift along Connecticut River. 

The sources of Connecticut river, its hydrographic basin, its course 
and descent on the west side of New Hampshire, and its tributaries from 
this state, have been described in the first volume of this report* The 
territory of Vermont extends to the west shore of this river, but in explor- 
ing its modified drift equal attention has been given to both sides. Only 
by this study of the whole valley could the history of these deposits be 
discovered, and the portion in this state be understood. A series of 
maps occupying three plates accompanies the following descriptions. 
The various terraces which border the river are there delineated, and 
their heights stated in feet above the sea. The extent and contour of 
the modified drift is thus shown along the whole valley. Throughout 
this distance the alluvial area is bounded on each side by high hills, 
which are only interrupted by the entrance of tributaries. 
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Connecticut Lake to West Siewartstown. For the first four miles below 
Connecticut lake the river has a rapid descent, with a southerly course. 
It then bends to the west, and winds with a sluggish current through a 
narrow swamp three miles in length, which is the first alluvium seen on 
the river. Its lower end is at the mouth of Deadwater stream. One 
half mile farther down, at the outlet from Back lake, the road passes over 
a sand and gravel plain 30 feet above the river. This is material de- 
posited in the Champlain period by the tributary stream. Much of it has 
been excavated during the terrace period ; and till extends to the river 
on the opposite side in a very gentle, regular slope. 

On Indian stream there is a large extent of low alluvial land, com- 
prising several valuable farms. This consists mainly of a wide interval, 
from 10 to 15 feet high, which is bordered on the east by a narrow 
lateral terrace from 30 to 40 feet above the river. In the next four 
miles scarcely anything but glacial drift and ledges is found. The 
scanty portions which may be called modified drift consist of very coarse, 
somewhat water-worn gravel, in terraces from 10 to 40 feet above the 
river, which has probably in many places cut its channel to this depth 
through the till About the mouth of Bishop's brook considerable low 
alluvium occurs, partly brought by the main river and partly by its 
tributary. Thence we have a narrow width of modified drift on the 
north side of the river to Hall's stream, which is bordered by an inter- 
val from s to 10 feet, and two terraces, 20 and 35 feet, above the 
river. On the south side here, and on both sides for nearly two miles 
below, the river is closely bordered by hills, and no modified drift is seen. 

The portion of the river which we have now described extends south- 
westerly about eighteen mites from the mouth of Connecticut lake. The 
descent in this distance is 583 feet. High wooded hills border the valley, 
which is destitute of modified drift for half of the way. The largest allu- 
vial area is on Indian stream ; and the highest terraces are from 30 to 40 
feet above the river. 

Upper Connecticut Valley. Below West Stewartstown the course of the 
river is southerly, having a descent in nearly fifty miles, to the head of 
Fifteen-miles falls in Dalton, of only 205 feet, one half of which takes 
place in nine miles between Columbia bridge and North Stratford. Along 
this whole distance the modified drift is continuous, and, including both 
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sides, is usually a half to a mile and a half wide. It is very simple, hav- 
ing two heights, and consists of the present flood-plain, bordered by 
remnants of that which filled the valley in the Champlain period. The 
former is about ten feet above low water, being annually overflowed by 
the floods of spring. This would be called bottom-land in the western 
United States. In New England it is commonly termed interval; but 
along Connecticut river it is frequently known as meadow. On all our 
large rivers this lowest terrace has a firm and well-drained surface, much 
different from the marshy areas bordering small streams to which the 
name meadow is restricted in other parts of the state. It is the most 
valuable portion of these alluvial lands, having a more finely-pulverized 
and more fertile soil than that of the higher terraces. The ancient flood- 
plain is here represented by a lateral terrace, from 40 to 120 feet above 
the river, usually remaining at both sides, and in many places forming 
considerable plains. 

From West Stewartstown to Colebrook the only alluvium of impor- 
tance on the New Hampshire side is the interval ; but small remnants of 
the upper terrace are found, especially where there is a tributary stream. 
On the Vermont side the upper terrace, composed of-sand or fine gravel, 
is usually well shown, having a nearly constant bjfc small elevation of 40 
to 60 feet above the river, with which it slopes. -Sit appears, that this 
formerly had possession of the whole valley, and that the channelling of 
the river has swept it away from the area now occupied by the interval 
or meadows. Portions of 
it still remain, entirely sur- 
rounded by the low flood- 
plain. Such a plateau may Y\g. i,— Section in Canaan and Stewartstown. 
be seen in Canaan, nearly Ungth, i of a mile, 

opposite the south line of Stewartstown. The upper terrace and its 
isolated remnant have both a height of 40 feet above the river, while the 
lower level is only 15 feet in height. North-east from this in Stewarts- 
town a rivulet has effected a like result on a small scale in the meadow, 
cutting a channel wholly around a small area which still preserves the 
height of the rest of the meadow. 

Karnes. At Colebrook we find an interesting gravel ridge or kame, 
portions of which remain north of the junction of Beaver brook and 
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Mohawk river, but most noticeably west of the village, extending nearly 
a mile parallel with the river. Its height is about 70 feet above the river, 
and 50 above the low alluvium on each side. Its material is the same 
as that of the long kame farther south in this valley, being principally 
coarse, water-worn gravel, with abundant pebbles six inches to one foot 
in diameter. This ridge was deposited in the glacial channel of the river 
which flowed from the ice-sheet at its final melting. 

We must refer to a similar cause the slightly modified drift in Leming- 
ton, just north-west from Colebrook bridge; in Columbia, the high gravel 
terrace north of Sims stream; thence for a mile southward the moraine- 
hke, level-topped or irregular drift, slightly modified, at about 100 feet 
above the river; and the coarse drift ridge on the east side of the river a 
half mile above Columbia bridge. The last is a distinct ridge, one third 
of a mile long, parallel with the river, and from 50 to 75 feet above it, 
being from 25 to 50 feet above the adjoining lowland. This may have 
been a medial moraine. It contains many angular rock-fragments from 
two to three feet in size, and seems scarcely modified, appearing like por- 
tions of the kames along Merrimack river. 

Between Columbia bridge and North Stratford the descent is rapid and 
the terraces are irregular. At Columbia bridge the highest alluvial banks 
are 48 feet above the river; at North Stratford, 119. Where the river 
now descends lOl feet the stratified drift of the valley shows a slope 
of only 30 feet, or about three feet to a mile. After we pass this steep 
and narrow portion, and enter a wide valley again where the river is 
comparatively level, we find the upper terrace falling much more rapidly, 
or nine feet to a mile. At Groveton it has again descended to a height 
SO feet above the river. As we approach Fifteen-miles falls, the upper 
terrace slopes very slowly down to the lower, and they can scarcely be 
distinguished as separate heights below South Lancaster. The wide 
river-plain here rises gradually from 5 or 10 to perhaps 20 or 30 feet 
above the river. 

In Stratford and Brunswick both heights of the alluvium are well 
shown, the highway being on the upper terrace and the railroad on the 
meadow. The former is about lOO feet above the river, and at Bruns- 
wick Springs, and for much of the way through Stratford, is from one 
fourth to one third of a mile wide. At Stratford Hollow depot the rail- 
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road has cut through a narrow spur of this terrace, which escaped erosion 
by water. Here the alluvium of the main valley has been excavated into 
secondary terraces 
by Bog brook. In 
the south part of 
Stratford, and in 
Northumberland, Fig. 2.— Section in Brunswick and Stratford. 

the meadow or in- ^^"S'^' * °^ ^ "'''^■ 

terval occupies more space than the terrace, which has its greatest 
extent in the level, swampy plain west of Groveton Junction. In Maid- 
stone, for two miles north from Guildhall, low hills on the west side of 
the valley hem in extensive swamps, which have been scantily filled with 
alluvium of nearly the same height with the river terrace. 

Deltas. At Lancaster the upper terrace of Connecticut river is only 
IS or 20 feet above the interval. The only higher modified drift has 
been brought down by tributaries. Part of Lancaster village is built on 
one of these deltas, formed by Israel's river on its south side, 50 feet above 
the terrace of- the main valley. This delta sloped rapidly westward, and 
formerly occupied the whole area of the village; a portion of it, 20 feet 
lower than the former, remains at the cemetery opposite the court-house. 
Similar deposits also occur two miles south-west from Lancaster, and on 
John's river. 

Between South Lancaster and Fifteen-miles falls the broad river-plain 
is unterraced. It seems probable that a lake existed here while the origi- 
nal high plain northward was being deposited. When this was channelled 
out by the river, so as to leave only terraces as we now see them, the 
materials excavated were sufficient to fill up the lake. It would be inter- 
esting to know the depth of the stratified drift in this basin ; it is proba- 
bly deeper than the height of the highest modified drift northward above 
the river. 

Kame-Iike materials of small extent were noticed at North Stratford, 
forming the high bank on the east side of the railroad, one fourth mile 
south-east from the depot, and in Guildhall, about two miles north from 
Lancaster bridge. A remarkable moraine of granite boulders occurs in 
Stratford, covering a large area of hillside just above the upper terrace, 
one mile south from Beattie's station. Two miles north-west from 
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Groveton a ridge of till, from 60 to 100 feet above the river, projects half 
a mile westerly into the valley, or half way across it, appearing like a ter- 
minal moraine. Horse-shoe pond, on the north-west side of this ridge, 
occupies a portion of a deserted river-channel. These ancient river-beds 
are frequently shown by such ponds, commonly called sloughs or moats, 
of which Baker's pond, near Lancaster, is another example. We see the 
river now slowly changing its position by wearing away one or the other 
of its banks, and it has thus swept many times from side to side in exca- 
vating its valley between the bordering terraces. 

Fifteen-miles Falls. From the mouth of John's river the Connecticut 
has a rapid descent for twenty miles, amounting to 370 feet, falling from 
830 to 460 feet above the sea. The bed of the river is a nearly continu- 
ous slope of coarse till, showing abundant boulders, but with scarcely any 
exposure of solid ledges. The only place where these were noticed in 
our exploration was at the "lower pitch," or foot of these rapids, about 
a mile above the mouth of Passumpsic river. Here there is a precipitous 
fall of a few feet, and this is said to be the only point of abrupt descent. 
In other parts of its course the falls of the Connecticut are produced by 
ledges, and the channel, except at such falls, is composed of gravel, sand, 
or silt. Nowhere else below West Stewartstown, except at the falls of 
Northumberland and Columbia, and rarely, if at all, southward, does the 
river flow over the glacial drift or till. 

The noticeable features of the valley in this distance are, that it is deep 
and narrow, with sloping sides of till, and destitute of the level alluvial 
terraces and intervals which occupy a large width everywhere else along 
the river. Where any modified drift does occur, it is coarser than usual, 
being generally gravel, sometimes imperfectly rounded or water-worn, and 
its surface has commonly an irregular slope. The upper portion of these 
rapids is especially destitute even of such alluvial deposits, the highest 
that occur being from 60 to 75 feet above the stream. It is frequently 
evident that the source of these deposits is not the main river, but a trib- 
utary, as in the case of Niles stream in Concord, Vt, and on both sides 
at Upper Waterford. These deltas are greater in height, as well as in 
amount, than the scanty remnants of the alluvium of the main valley. 

On the lower portion of these rapids the modified drift appears in 
greater quantity and at a much increased height. Opposite Lower 
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MODIFIED DRIFT ALONG CONNECTICUT RIVER. 2$ 

Waterford we find irregular hiUocks of sand, barren of vegetation, and 
drifted by the wind, the highest of which are about 200 feet above the 
river. Below this point the modified drift rises in irregular slopes to a 
height of 200 feet in several places, and its position shows it to have been 
principally deposited from currents o£ the main valley. As we approach 
the foot of the falls its coarse character is changed, and sand predomi- 
nates in the place of gravel. These deposits probably once filled this 
part of the valley nearly 200 feet above the present river, sloping in six 
miles between Lower Waterford and Passumpsic river from about 800 to 
650 feet above the sea. 

The course of the river along Fifteen-miles falls is S, 70" W., being 
turned much to the west from its general direction. This course is at 
right angles to the line of motion of the great ice-sheet ; consequently 
this valley was sheltered from the direct grooving and rasping of the ice, 
and must be supposed to have furnished a lodgment for much of the 
ground-moraine or till that accumulated in its track. We have men- 
tioned that this material forms the river channel, nearly everywhere con- 
ceaUng the underlying rocks. It also forms the sides of the valley for 
most of the way, rising quite steeply from the river, and sometimes pre- 
senting a terraced appearance at a height much above the present chan- 
nel. These considerations lead to the conclusion that the river has 
excavated much of its present deep, narrow channel through this till 
since the disappearance of the ice, and since the deposition of its highest 
modified drift. 

The facts observed point to an order of events somewhat as follows : 
In the ice-age a great amount of till was caught by the transverse valley. 
At the melting of the ice modified drift was swept into the valley, mass- 
ing in the largest quantity at its lower end, and deltas were deposited by 
tributary streams. In some places the wind seems to have blown up 
sand-drifts to a position on the hillside above the normal height of modi- 
fied drift. As soon as the melting had receded to a few miles above the 
head of these falls, further deposition ceased, all the material supplied 
being retained in the upper valley. The river next began the work of 
excavation. Most of the modified drift was carried away, and considera- 
ble depths channelled out in the till. It does not appear certain that a 
great amount of till was removed from the head of the falls; at least, 
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nothing seen in the surface geology of the valley above would require 
such a barrier. The depth o£ till thus removed must have been variable, 
sometimes probably amounting to lOO feet; and more or less of this exca- 
vation seems to have taken place along the entire extent of these falls. 
The irregular surface left by the ice has been thus reduced to a chan- 
nel of nearly regular slope with no abrupt falls, cut through the till, 
which still covers the ancient bed in which the river flowed before the 
glacial period. 

Lower Connecticut Valley. The early pioneers retained the Indian 
name Cods, which they found applied to the fertile intervals of Lancaster 
and Haverhill. These were the Upper and Lower Coos, separated by 
the Fifteen-miles falls. By a similar division, the whole extent below 
these falls is here called the lower vaUey. This is comparatively level 
and straight, with a southerly course nearly the same as that of the upper 
valley. In a direct distance of 1 18 miles from the mouth of Passumpsic 
river to Massachusetts line, the river flows 137 miles, descending from 
460 to 180 feet above the sea, or two feet to the mile. The principal 
fails in this distance are Beard's falls at Barnet, 5 feet; Mclndoe's falls, 
10 feet; Dodge's falls, three and a half miles south, 5 feet; at Woods- 
ville, about 10 feet; White River falls, 35 feet (see map, vol. i, p. 302); 
Sumner's or Quechee falls, two miles below the mouth of Quechee river, 
5 feet; and Bellows falls, 49 feet, — making a total of 119 feet, and leav- 
ing an average descent, excluding falls, of li feet per mile. 

The modified drift of this lower valley is everywhere well developed, 
and occurs in extensive terraces of various heights, three or four often 
on each side, the upper one being usually from 1 50 to 200 feet above the 
river, while the lowest is the interval or meadow. The largest plains are 
expanses of the upper terrace, or of still higher tributary deltas. These 
areas are generally of a clayey, moist, productive soil, quite in contrast 
with the dry sandy plains of Merrimack river, Ossipee lake, and other 
parts of the state. The nearest resemblance to these barren "pine-plains" 
is found at Woodsville, in the high delta of Lower Ammonosuc river, on 
the north side of Black river in Springfield, Vt., and in the high, broad 
plain of Hinsdale. The latter is the only one of these areas which can 
be compared in size with the extensive plains of central and eastern New 
Hampshire. 
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The most extensive intervals or meadows are between Woodsville and 
Bradford, Vt., 12 miles long and one half to one mile wide, including; the 
Lower Coos intervals of Newbury, Vt, Haverhill, and Piermont; and in 
Charlestown and Rockingham, Vt., 6 miles long and half a mile wide. 
But, in addition to these, smaller areas, up to a mile or more in length 
and a few rods to a half mile wide, are of common occurrence along the 
entire valley. These bottom-lands are very fertile, being composed of 
the finest silt, and enriched every year by a coating of mud from the 
turbid freshets of spring. Many of the lower terraces which are not 
overflowed are of the same material; but the higher terraces usually 
show some intermixed sand or fine gravel. 

These lateral terraces are less plainly continuous in extent and height 
than the intervals or the upper terrace. They are sometimes numerous, 
again wanting; seldom agreeing in height on opposite sides; usually 
showing a slight slope with the river, but not often more than one or two 
miles, and generally less than one mile in length, and succeeded by others 
higher or lower. An examination of them over long distances, however, 
sometimes shows a well-marked series, descending with the river, and 
recording a height at which, during the process of erosion, it remained 
nearly stationary for an unusual length of time, forming a broad and 
continuous flood-plain, now interrupted and mainly swept away by the 
further deepening of the channel. These terraces are almost always 
level-topped, and bounded at the face by a steep escarpment ; and their 
appearance is sometimes very striking, and even grand, as they rise in 
gigantic steps on the side of the valley, shaped with a smoothness, 
order, and beauty which could not be surpassed by art. 

The greatest widths of modified drift that can be measured in this 
valley, on the west side of New Hampshire, are in Haverhill and 
Newbury, two miles, and in Hinsdale and Vernon, two and a half miles 
wide. The average width is fully one mile, The narrowest places are 
at Shaw's mountain, near the south line of Bradford, Vt., and at Barber's 
mountain, in Claremont, both of which occupy the middle of the valley, 
with narrow belts of alluvium on each side ; at the west side of Rattle- 
snake hill, Charlestown ; and at the south end of Wantastiquit mountain, 
below Brattleborough, Vt. We do not discover, however, at these places, 
or elsewhere, any evidence of former barriers, which could have made the 
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valley a series of lakes. The vast amounts of modified drift which accu- 
mulated in this valley do not appear to have filled ancient lake-basins, but 
to have been rapidly deposited from the immense floods supplied by the 
melting of the ice-sheet. These great deposits of modified drift, for which 
there appears no other adequate cause, should rank with the till, strije, 
and embossed ledges, as proof of a former continental glacier. 

The Passumpsic river must be considered as occupying the continua- 
tion of the lower Connecticut valley, but at its mouth it flows through a 
rocky gorge, which separates its numerous and high terraces from those 
of the Connecticut. Four or five terraces are shown here on the Monroe 
side, the highest 190 feet, and the lowest from 15 to 20 feet above the 



Fig. 3, — Section in Barnet and Monroe, at Mouth of Pas- 
sumpsic River. Length, i mile. 

river. The latter forms the Nine Islands, of which only one is above the 
reach of high water. This is a wooded island close to the Vermont side, 
and forms a north and south ridge 50 feet above the river, composed in 
part of karae-Iike gravel Delta terraces from 50 to 60 feet above the 
highest in the main valley have been brought down by Stevens river, 
which falls 100 feet in Barnet village, Gleason's islands, one mile below, 
like nearly all those found in the river southward, are alluvial interval. 
Several terraces appear at Mclndoe's falls, on the widest of which the 
village is situated, 50 feet above the river. The high terraces do not 
present a broad level top till we come to Monroe village, where we find 
two, 100 and ijo feet above the river, both of which are continuous a 
mile and a half, with regular southward slopes of ten and twelve feet. 
Occasional remnants of the highest of these are found on both sides 
through Bath and Ryegate; and the lower is well shown through these 
towns, agreeing closely in height on opposite sides of the river. On 
the east side it is continuous for eight miles, from one mile north o£ 
Monroe to the Narrows near Woodsville, sloping from S4S to 488 feet 
above the sea. 
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At Woodsville a great depth o£ material was brought into the valley 
by the Lower Ammonoosuc and Wells rivers. The (ormer stream has 
cut its channel 200 feet deep through its delta, wide areas of which still 
remain on both sides. An old outlet of Wells river may be seen on its 
north side, one mile above its mouth, occupied at the close of the ice 
period until it cleared away a hundred feet or more of modified drift 
from the preglacial rocky bed in which it now flows. A well-marked 
kame occurs here, commencing in Bath half a mile north-west from the 
Narrows. It has been cut through by the river, and appears on the east 
side of the railroad at and above the junction, and again at the south-west 
side of Wells River depot, being more than a mile 
long. It is composed of coarse gravel and sand, 
anticlinally stratified, with varying height from ^ 
goto ISO feet above the river. It is well shown 
by cuttings, but otherwise might escape notice, as 
most of it is partially or wholly concealed by the 
ordinary alluvium. In position, material, and strat- 
ification, this is like the long kame which extends 
in this valley from Lyme to Windsor ; but in the 
twenty-four miles from Wells River to Lyme no 
similar ridge is found. 

From Wells river to Wait's river, at Bradford, 
the lowest terrace or interval is one half mile to 
one mile in width ; and the river sweeps in broad 
curves from side to side between its bordering up- 
per terraces. By the largest of these bends, called 
the Ox-bow, the river traverses two and a half 
miles to make one half mile of advance, by which 
a beautiful expanse of interval is added to New- 
bury. An old channel formerly left this and as 
much more on its east side. This ancient course 
extended from the north-west end of the Ox-bow 
south-west to the railroad, which it followed to || 
the brook that flows through Newbury village, by s " 
which it passed east to its present channel. North Haverhill is situated 
on the highest normal terrace, 107 feet above the river and 2^ feet higher 
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than the corresponding terrace opposite, on which Newbury is built. 
This difference may be partly due to the fact that here was one of the 
principal outlets of the melting ice-sheet that continued to cover Moosi- 
lauke and the high water-shed after it had withdrawn from the Con- 
necticut valley. East from North Haverhill, where there are now only 
insignificant brooks, we find an abundance of sand and coarse gravel 
which came from this source. It is disposed in irregular slopes, in some 
portions mounded or ridged, and rising in about one mile 250 feet, beyond 
which the same materials extend nearly level to French pond. Taking 
the road to Haverhill town-house, we pass a ridge of coarse gravel or 
slightly modified drift, which rises from 40 to 100 feet above the village. 
North-east from this there is a nearly level plain of fine alluvium, with 
beds of clay. A short distance farther east we come to a sand ridge, 
which extends about a half mile along the road, rising 80 feet by a gentle 
slope, and then abruptly 75 feet more, like the face of a terrace, to a level 
plain on which the town-house stands, 247 feet above North Haverhill 
and 752 feet above the sea. This plain, its western steep slope, and the 
first ridge below are all of sand, with none of the coarse gravel charac- 
teristic of kames. Similar deposits of fine material reach for a half mile 
on each side of this road, sometimes in level plains of small extent, but 
generally in varying slopes, by which they are continuous from the town- 
house to the upper terrace of the river. 

The remainder of the way to French pond is comparatively level, being 
at first a plain of stratified, coacse-grained sand, which extends north one 
half mile to the brook ; thence, for a mile and a half farther, sand or 
coarse rounded gravel extends along the road and on its east side as far 
north as to French pond. Immediately about this pond the modifying 
action of water is not apparent, but the surface is composed of heaped 
and ridged morainic drift, over which the road passes, This material is, 
however, in the main, level; with irregular hollows and depressions of 
only ten to twenty feet. Its rock-fragments are angular, but small in size, 
seldom exceeding two feet. A coarse morainic ridge extends more than 
a mile on the east side of this level alluvial valley, with a height about 
125 feet above it, while on the west rises the precipitous face of Brier 
hill. Three miles south-east are the serrated mountains which extend 
north from Owl's Head; and nine miies south-east is the high, massive 
ridge of Moosilauke. 
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By estimate, French pond is about 770 feet above the sea, and the 
water-shed on the road northward is from 40 to 50 feet higher. This 
hollow, bounded on both sides by high hills, seems to have been for a 
time the outlet of the melting ice at the north, before the way was opened 
westward for the Lower Ammonoosuc river. The glacier which covered 
the mountains at the south-east also contributed to these deposits of 
modified drift, as is shown by the high moraine mentioned, and by others 
three fourths of a mile south from the town-house, at the mouth of a gap 
in the first high range of hills. The highest of these last has been modi- 
fied by a current of water. It presents on the west side a steep escarp- 
ment of clear sand, reaching from 980 to 1020 feet above the sea. At 
the top this changes to grave!, which becomes coarse as we recede from 
the edge of the steep slope ; next are large glaciated boulders, heaped 
together with no earth among them, which again present a steep face and 
somewhat level top 1050 feet above the sea. These rest at the east 
against the hillside. On the north-west nothing intervenes to the town- 
house and North Haverhill, 300 and 550 feet below, where we find the 
sand and clay which were brought down by these glacial streams. 

At Haverhill there are only scanty remains of modified drift above 
the interval, which is nearly a mile wide. The highest terrace, best 
shown on the Vermont side, is 80 feet above the river ; enough of it is 
left on the east side to indicate that it was once continuous across the 
valley. Hall's brook and Oliverian brook, which have their mouths here 
opposite to each other, have brought down large amounts of modified 
drift, which is deposited along the lower portion of their course. On the 
former this slopes in one mile to 125 feet above the upper terrace of the 
Connecticut. On the east side only slight vestiges of this terrace are 
found, and we have a direct rise of 220 feet from the interval to the mod- 
ified drift of Oliverian brook, which thus commences at a greater height 
than is reached in the first mile on Hall's brook. In two miles this 
slopes upward 100 feet, or to 340 feet above the river, being well shown 
all the way, and at one place nearly a mile wide. These streams are both 
of large size, but the deposits along their course cannot be attributed 
to their ordinary action, any more than the modified drift east of North 
Haverhill is due to the brooks there. All these deposits are plainly of 
the same date and from one cause, — the melting of the ice-sheet. 
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The village of Haverhill is situated on a high, smoothly rounded, ter- 
race-like area of till. This slopes steeply towards the river, but very 
slightly to the north and north-east, and extends nearly level for half a 
mile south-east to the foot of Catamount hill, and for two miles south- 
ward along the Piermont road. A large proportion of the boulders in 
this till are glaciated, sometimes preserving distinct striae. The prevail- 
ing size is less than three feet ; but rocks of five or six feet diameter, or 
even larger, also occur. These are found most rarely over the south part 
of this area in Piermont, where the abundant rounded or glaciated peb- 
bles exposed by the channels of streams present the appearance of coarse 
_. g kame-like gravel. At about one fourth mile south- 
" |g west from Haverhill village a gully recently made on 
a previously smooth slope, at a height about 175 feet 
above the river, and consequently much above its 
highest terrace, and 75 feet below the village, showed 
, 15 feet of modified drift resting on tiil. The surface 
1 was 3 feet of coarse gravel, which was succeeded by 
1 2 feet of interstratified fine gravel and sand, oblique- 
ly bedded. The stratification here sloped with the 
present surface, about 10 feet in 100, with the ob- 
liquely bedded portions steeper in the same direc- 
tion. Similar sections of overlying modified drift are 
shown in many places west and south from Haver- 
hill, but the north and east parts of this area consist 
^ only of till. This is the ground-moraine of the ice- 
sheet, peculiarly massed here in very large amount, 
resembling the massive rounded hills of the same 
material, which are abundant near the coast. On the 
opposite side of the river we find the extensive slope, 
which rises south from Hall's brook, also composed 
of till with no outcropping ledges. 

In Piermont, opposite Bradford village, the modi- 
fied drift is divided by ledgy hills close to the river 
into two belts, the eastern of which has a height of 
478 feet above the sea, or about 90 above the river, where it departs 
from the main valley. This extends along Gully brook, sloping in two 
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miles to 460 feet, nearly representing in height the normal upper terrace 
of Connecticut river. We find this normal line shown on the Vermont 
side by a nearly constant height of this terrace, varying between 470 and 
460 feet for more than seven miles, from above Hall's brook to the south 
line of Bradford, 

Delta of Waiis River. We thus exclude, on the north from Bradford 
village, the principal plain, which is from 10 to 15 feet above this upper 
terrace, being highest at its south end, and the still higher terrace of the 
fair-ground, and on the south the conspicuous remnants of the ancient 
delta of Wait's river, which are more than 100 feet above the Con- 
necticut normal line. These terraces have all been deposited by Wait's 
river, which seems to have first thrust its high delta into the main valley, 
whose strong currents undermined and removed a large portion, leaving 
the rest with a steep escarpment ; afterwards most of this delta was chan- 
nelled out by its parent stream and carried down into the main valley, by 
which the terraces north of Bradford were formed ; and, lastly, it has also 
swept out a large amount of the upper Connecticut terrace east of the 
village. 

For a mile from the mouth of Wait's river southward, the number of 
terraces is multiplied to five or six in ascending 75 feet from the river to 
the wide upper plain. These furnish the best examples seen on the Con- 
necticut of glacis terraces, sloping steeply towards the river and gently 
away from it in a wave-like series, with from 5 to 10 feet difference in the 
height of successive crests. 

Eastman's brook is the source of the modified drift on which Piermont 
village is built. This delta rises in two thirds of a mile nearly 200 feet 
above our normal line. 

Delta of Jacobus Brook. We now encounter in Fairlee and Orford one 
of the most difficult problems presented on this river, in the abundant 
deposit of alluvial sand, which, between Sawyer's mountain and More/s 
mountain, forms a high plateau, whose eastern edge overlooks the rivefj 
while its western slope descends towards Fairlee pond. The highest por- 
tion of this alluvium is 190 feet above the river and 155 feet above the 
pond. The highest normal terrace is well shown through these towns, 
varying from 75 to 55 feet above the river, or from 455 to 435 feet above 
the sea. This terrace appears in Fairlee, at its north line, south-west of 
VOL. in. s 
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Shaw's mountain ; next east below the plateau ; southward from Fairlee 
village and pond ; and at Ely station. In Orford it is wide north-west of 
Soapstone mountain, and the river road runs upon it south to Jacob's 
brook ; in the village it is the terrace at the east side of the street ; and 
from near the mouth of Sawyer's brook it averages one half mile wide for 
three miles south, leaving the river at the north line of Lyme, and extend- 
ing along Clay brook nearly level to within one mile of Post pond. All 
the modified drift above this regular terrace, embracing the plateau east 
of Fairlee pond, the high terrace in Orford) which begins at the south foot 
of Soapstone mountain, and the high remnants at each side of Jacob's 
brook, must be referred to a common origin, being portions of an im- 
mense deposit brought down in the Champlain period by Jacob's brook. 

This stream drains a large area west and north-west from Cuba and 
Smart's mountains, ilowing through Orfordville into the Connecticut by a 
north-west course. An uncommon abundance of fine material was sup- 
plied from the melting glacier over this -area, and the northward flood 
which transported it was turned up the valley by the vertical wall of 
Morey's mountain. For a time the accumulation was too great to be 
cleared away by the current of the main valley, which was filled by this 
deposit north to Soapstone and Sawyer's mountains. A wide avenue was 
next cut through this barrier by the Connecticut, which did not complete 
till a later date the deposition of its own flood-plain, the remains of which 
we have called its highest normal terrace. 

A few measurements of this remarkable tributary deposit will indicate 
its extent and depth. It filled the valley for more than two miles north 
from Orford, averaging a mile in width. The ordinary height of the river 
here is 383 feet above the sea. The highest point of the plateau in Fair- 
lee, a mile and a half north from the mouth of Jacob's brook, is 575 ; 
the lowest point where the current swept west across this plateau, one 
third of a mile south of the former, is 532 ; on the east side, a mile and 
a half north from the mouth of the brook, it is 530; and close at its 
north side, 565. Along its course we also find a large amount of modi- 
fied drift, rising in a mile and a half to 6go, or more than 100 feet 
above the comparatively level barrier which it had thrown across the 
Connecticut valley. 

A peculiarly contorted band of clay (Fig. 6), in a layer of clayey sand, 
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with regular strata of sand exposed for several feet both above and below, 
was seen on the north side of a cart-road which ascends the east bluff of 
the Fairlee plateau, opposite the house of William Childs. 

The shores of Fairlee pond are mostly rugged ledgy hills, and scarcely 
any alluvium has reached them, either from the plateau of Jacob's brook 
or from inflowing 
streams. This ^ 
pond is 35 feet 
above the river, 

and is from 40 Fig. 6.— Folded Layer of Clay in horizontally strati- 
fied Sakd, Fairlee, Vt. Scale, i inch:=io feet, 
to 45 feet in its 

greatest depth, the bottom being principally sand. It seems not to have 
been filled with alluvium, simply because it was not in the path of the 
current; and the steep escarpment of the plain bordering its south end 
is probably due to its undermining waves. Several glacis terraces were 
noted south-west of Ely station. 

In Thetford and Lyme we come to an abrupt change in the height of 
the upper terrace-plain. We have seen this line descend, in 33 miles 
between the mouth of Passumpsic river and the south line of Orford, 
from 650 to 440 feet above the sea, gradually declining from 190 to only 
60 feet above the river. At North Thetford this line of the highest ter- 
race suddenly rises to 525, and in a mile and a half farther south to 545 
feet. This formation is well shown through Thetford, with remnants in 
Lyme, and continues well developed and nearly level for twenty-five miles 
to Windsor, varying from 560 to 500 feet above the sea, and from 1 50 to 
220 feet above the river. It forms extensive terraces or plains on one 
or both sides along this whole distance, and is clearly the original flood- 
plain of the river. Frequent delta-terraces rise above it, sometimes 100 
feet higher, being more than 300 feet above the present river channel. 
It is a notable coincidence, that along this same distance we have a con- 
tinuous kame, occupying the centre of the valley, commonly rising some- 
what above the highest plain, but not seldom entirely covered by it. 
Superposition and conformable stratification show the fine material of 
the terrace-plain to have been deposited upon this kame or gravel ridge, 
which beforehand extended like a windrow along the empty valley. To 
the south from Windsor the highest terrace shows a somewhat regular 
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slope, descending with the river, and preserving a height about 150 feet 
above it 

This high and continuous flood-plain, extending from Thetford to Mas- 
sachusetts line, seems to have been formed during a gradual and slow 
melting of the ice along this distance. It would appear that the greater 
part of the depth of ice, as far northward as to the Passumpsic river, had 
been melted in the last part of this time, sending down its floods laden 
with gravel to form the kame. A comparatively shallow mantle of ice 
remained, and when the melting advanced to the north from Thetford 
and Lyme this disappeared too rapidly to give time for the formation of 
a kame, or the deposition of a high flood-plain. 

At the north line of Thetford, near Ely station, the highest terrace is 
435 feet above the sea, or 55 feet above the river, This is the south end 
of the continuous descending slope from the mouth of Passumpsic river. 
The first intimation of change is a high terrace, which rises from 475 to 
545 feet in going from one mile north to one mile and a half south of 
North Thetford. Opposite to this place in Lyme the alluvium does not 
appear as usual in distinct terraces, but lies in a slope rising from 400 to 
450, and at one mile north to 490 feet. South from North Thetford the 
high plain averages one half mile wide for eight miles, extending half 
way through the town of Norwich. Along this distance in Lyme and 
Hanover only narrow terraces of corresponding height remain. 

Child's pond, situated on the high plain one third of a mile north of 
East Thetford, is worthy of notice. No terrace occurs here below the 
plain, which has been so undermined as to slope from its top to the river 
at an angle of 45°, excepting only the width of the railroad bed built on 
its side near the bottom. Eighty-five feet back from the edge of this 
plain, with a road between, is the pond, occupying some two acres, 142 
feet above the river, and by our soundings 40 feet deep. Its range from 
high to low water is said to be one foot and a half, with outlet to the west, 
but no inlet ; and its surface is only from two to five feet below the plain 
on its east and south-east sides against the river. The clayey character 
of this alluvium is shown by the impervious bank which holds in the 
pond. The circumstance that only so narrow a width intervenes between 
the pond and its edge is not specially remarkable, as this plain was origi- 
nally continuous across the valley, all its east portion having been exca- 
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vated by the river. The question which we see no satisfactory way to 
answer is. How came the hollow which contains the pond to be formed 
or left vacant, when the material of the otherwise nearly level plain was 
deposited ? Probably it marks the site of a mass of ice, broken from the 
glacier, brought down by the flood, and finally stranded at this spot. The 
principal objection to this hypothesis is the rapidity of deposition required, 

A large amount of modified drift has been brought down hy Grant's 
brook, forming the plain on which Lyme village is built. The common 
has a slope of fifteen feet, and in a short distance farther east the same 
deposit rises eighty feet more, to 635 feet above the sea, or 90 feet 
higher than the water-shed between the village and Post pond. 

Ancient River-bed. In Norwich occurs the most interesting example 
seen by us of a well-marked ancient river-bed high above its present 
level. This extends two miles from Pompanoosuc river, one third mile 
above its mouth, to the bend of Connecticut river a half mile south of 
Tilden pond, which lies in a depression of this old channel. Its highest 
point, from which there is a gradual descent both ways, is 520 feet above 
the sea, or 145 feet above the river. West and south-west from this point 
is a plain, from 30 to 40 feet higher ; at the north-west the alluvium forms 
a delta-like slope with no level top. South-west from Tilden pond the 
original high plain has been excavated by springs and small streams to a 
very irregular surface of hillocks and ridges. On the east side of this 
ancient channel is the steep gravel kame, which for a while turned the 
Pompanoosuc river in this course, till a direct passage was cut through 
its ridge. 

Norwich village, 525 feet above the sea, is situated on a terrace-plain 
of Bloody brook, which extends three fourths of a mile above the village, 

pi.c C i Hanover Ag, Coll. Dslla of 



Fig. 7.— Section in Norwich and Hamover. Length, 3 miles. sea, 

rising 30 feet. At one mile south the modified drift on the Vermont side 
is interrupted by a ledgy hill. 
Two miles north of Hanover the Connecticut river has cut through the 
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kame, and thence flows close on its west side to White River falls. 

Along this distance of four miles we find the high plain well developed 

in New Hampshire, averaging three fourths of a mile wide. Hanover 

common, 545 feet above the sea and 172 above the river, represents its 

greatest altitude. Westward, a gradual slope descends 30 feet in one 

third mile to the kame; one third mile east the farm of the agricultural 

college is 45 feet lower than the 

smtiiiedsadd. '=- i5'^5°. common; and we have the same 

""*" ^_ height one mile south, at the high- 

) K >.j;«'i'iMfc*«*"«*' ^w. est portion of the road to West 

'^ i5ii "*^ Lebanon. Observatory hil), and 

V* . . - -^ others in Norwich and Lebanon, 

Fig. 8.— Section in Delta of Mink are examples of outcropping ledges 

Brook, Hanover. Scale, i inch^ao and till, surrounded by alluvium. 

.^ , ^ ^ Half a mile south-east from Han- 

Th= lower sand shows Ihe usual strati ficili on of Ihe 
outer part of a delta, dipping towards the open QVeT, a delta 20 tO 4O feet higher 

of this, bringing a bed of gravel, upon which rests than the common has been brought 
down by Mink brook, which, west 
from this point, has also excavated a large amount from the plain. On 
the roads to Lyme and West Lebanon such erosion as this exposes a 
clayey stratum, noticeable in the spring by remaining muddy after all the 
rest of the road has become settled and dry. Two miles north of Hano- 
ver this stratum appears from 4S8 to 503 feet above the sea, most nota- 
bly at the height of 495; a mile and a half south, at the north side of the 
Vale of Tempe, its height is 482; on the south side, 479 to 4S2; a mile 
farther south, on the north side of Mink brook, it appears from 503 to 
480, being most marked at 485; on its south side it occurs at two points, 
with heights 470 and 478 to 483, the last being most prominent; and 
about a mile farther south, at the descent just before the turn-ofF to the 
falls, it is very noticeable, with about the same height. It also occurs in 
Vermont at a corresponding height, just below the top of the ascent be- 
tween the depot and Norwich village. This extensive and nearly level 
stratum shows that deposition took place gradually and at the same time 
over this whole area. 

In digging the first well at Hanover (near the residence of Prof. H. E. 
Parker) a large log was found in this alluvium 40 feet below the surface, 
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but no prospect of water, which caused this site, selected for the buildings 
of Dartmouth college, to be abandoned, and led to their location farther east, 
upon coarse glacial drift. This log was at nearly the same level with the 
clayey stratum described, and adds to our knowledge of the conditions 
which prevailed at the time of its deposition. The glacial age had here 
been succeeded by a temperate climate, under which forests grew again 
upon the iand ; and floods, sent out freighted from the melting ice-sheet, 
which still remained farther north and on the highlands, brought down 
drift-wood to he buried with this alluvium. It was not till long after this 
that the river ceased its work of accumulation and began to cut its pres- 
ent channel. 

Veins of segregation in sand, attended in some instances by a slight 
displacement or fault, are well displayed at the present time by the fresh 



Fig. 9. — Section on south side of road, east from Ledyard Bridge, 
Hanover. Length, about 700 feet. 

washing away of the bank, a portion of the high plain, on the south side 
of the road between Hanover and the depot. These veins abound for 200 
feet or so east from the kame, a good section of which is also shown here; 
they are in somewhat obliquely stratified sand, which inclines conformably 
where it overlies the side of the kame. 

Between Hanover and White River Junction the Connecticut descends 
40 feet, principally at White River falls (vol. i, pp. 302* and 319), situ- 
ated two miles above the mouth of White river, and three miles above 
that of Mascomy river. An illustration of the terraces on the west side 
of these falls, as seen from Colburn hill in Lebanon, appears in Dana's 
Manual of Geology.^ The upper terrace is wide, with a height 525 feet 
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above the sea, or 190 feet above the river at the foot of the falls. The 
middle terrace here rises in going south from 435 to 455 feet; and its 
material, well shown by a long railroad cut a sixth of a mile west of the 
upper falls, is mainly fine and coarse gravel, quite in contrast with the more 
common sand and clay. This difference in material is clearly explained, 
however, by a gap in the kame, which has been cut through and swept 
away by the river above the falls and on the north-west side of this ter- 
race, which has been formed from it. Tributary streams have also often 
brought down coarse grave! deposits, forming deltas or contributing to 
the normal high terrace-plain, which on this account is often difficult to 
be precisely distinguished. Mascomy river, in Lebanon, and Little 
Sugar river, at North Charlestown, especially, have brought in these 
coarse deposits in large amount, changing the character of all the modi- 
fied drift to a mile below their mouths. 

A quarter of a mile south-west from White River Junction we find an 
ancient bed of White river, similar in position and height, and formed 
and deserted under the same causes with that of Pompanoosuc river (p. 
37). This is a nearly level depression, 300 to 400 feet wide, 25 feet be- 
low the alluvial plain on the west, and 60 feet below the grave! ridge or 
kame on the east. Its height is 1 54 feet above the river on the north, or 
487 feet above the sea. It descends only three feet in going 1,000 feet 
to the south, where the high plain in which it was formed, and the ridge 
which was its eastern barrier, have both been washed away. 

Through Hartford and Hartland the upper terrace is well exhibited, of 
a normal height 525 to 500 feet above the sea, or nearly 200 feet above 




Fig. 10.— Section in Hartland and Plainfield. Length, li miles. 



the river, and reaching one third to one mile back from it ; but in several 
places this is broken by hills of ledge or till, isolated or extending across 
it nearly to the river. Its normal height is increased 40 to So feet by 
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tributary alluvium for two miles south from Quechee river, and for one 
mile south from Lull's brook, A level-topped delta, on both sides of the 
latter at its opening into the main valley just south o£ Hartland village, 
is 320 feet above the river, which is less than a mile distant. This high 
delta is terminated by a steep slope of from 25 to 40 feet, below which, at 
the south, there is no line of separation between the additions from this 
brook and the ordinary highest terrace; but the whole shows an irregular 
surface of smoothly rounded hills and hollows, formed by small streams. 
Similar erosion has taken place west of North Hartland. This cause has 
frequently destroyed the true shape of these high plains, originally level, 
and bounded by a steep escarpment ; instead of which we now find slop- 
ing buttresses, ravines, and scattered knolls and ridges, in a confusion 
quite opposite to the beautiful system and regular form of the terraces. 

In Lebanon and Cornish steep hills of till or ledge come quite to the 
river at the lower descent of White River falls and opposite Windsor 
village ; in Plainfield the hill comes near the river at Sumner's falls, and 
opposite Hartland village the alluvium is thus reduced to a very narrow 
strip for a mile. No very broad development of modified drift occurs in 
either of these towns. Of the original high plain we find only scanty 
remnants; the intermediate terraces are present, but as usual of small 
width ; of the lowest terrace we have at the mouth of Mascomy river the 
largest expanse that occurs in the twenty-four miles along which the 
kame remains, but this comprises only about half a square mile, and it is 
mostly above the reach of high water. 

The readiness with which the fine, loose modified drift may be chan- 
nelled out by rivulets or springs is often shown by long, deep gulUes 
extending from the edge of a terrace directly across some field, whose 
level surface was never before marked by any water-course or hollow. 
Such a gully, fifteen rods long, two to four rods wide, and fifty feet deep, 
has recently been made in a terrace 100 feet above the river, at a point 
two miles south of West Lebanon, on the east side of the river road, 
which was undermined and turned aside by it. 

Dunes. Near the south line of Lebanon, east of Sumner's falls in 
Plainfield, and at several places in Cornish, we find banks of sand, or 
dunes, destitute of vegetation, and blown in drifts by the wind. These 
vary in height from a few feet to lOO feet above the highest terrace, from 
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which they appear to have been carried up by the prevailing north-west 
winds. Southward they are found in many places on the east side of this 
valley, but none were seen in Vermont. 

Deltas. A large amount of modified drift occurs on Blow-me-down 
brook. Three miles from its highest source, where the road crosses 




South Line of Lebanon. 



Croydon mountain, it has formed the plain of Cornish Flat, 855 feet above 
the sea, and six miles lower that of Plainfield village, 520 feet above the 
sea, with an older deposit 30 feet higher, at the north end of the village. 
Two miles farther down, where this stream opens into the broad valley, it 
has formed a delta of irregular slope from 512 to 420 feet. These trib- 
utary deposits often throw light on the history of the modified drift of the 
main river. We have seen that the deltas north of the continuous kame, 
as of Wait's river at Bradford, and Jacob's brook at Orford, were deposited 
before the completion of the original flood-plain of the Connecticut; but 
the deltas of Quechee river and Lull's brook appear to have been brought 
down at about the same time with this upper terrace, which is notably 
increased in height by them for a considerable distance; while the long 
sloping delta of Blow-me-down brook, covering a square mile and descend- 
ing to nearly lOO feet below the normal highest plain, seems to be of 
a date subsequent to its formation and partial removal by the river. A 
conspicuous dune at the east side of this delta, derived from it and from 
the original high plain, is 610 feet above the sea, or 100 feet higher than 
the deposits from which it was blown. 
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The Kanie of Connecticut Valley. 

From Lyme to Windsor we find a continuous gravel ridge or kame, 
extending twenty-four miles along the middle and lowest portion of this 
valley, with its top from loo to 250 feet above the river, or from 500 to 
600 feet above the sea. Its material is gravel and sand, in irregular, 
obHquely- bedded layers, always showing an inclined, and in most cases 
a distinctly anticlinal or arched, stratification. The sand is usually coarse 
and sharp, well suited for masons' use. It occurs in layers of varying 
thickness up to one or two feet, but sometimes it is wholly wanting. The 
gravel, which always forms the principal part of the ridge, varies in coarse- 
ness, from layers with pebbles only one or two inches in diameter, to por- 
tions where the largest measure one and a half or two feet. The iiner 
kinds prevail; and the channels o£ brooks cutting through the ridge fre- 
quently show no pebbles exceeding one foot, in size. All the materials of 
this kame, and of its remnants along this valley, are plainly water-worn 
and stratified. 

Large and unworn boulders, which could not have been brought in the 
same way with the gravel and sand, occur very rarely upon or in the Con- 
necticut kame. Except at its south termination, the only instance of this 
discovered was three fourths of a mile south of Pompanoosuc river, at 
the point where the kame reaches its greatest height above the sea. Two 
angular boulders, each of five feet dimension, were found here at the top 
of the ridge, one lying on the surface, and the other partly imbedded. 
This place was covered with a thick growth of sapling white pines. Sev- 
eral miles at least of journey on foot along the top of this ridge, and the 
examination of many sections where the river or its tributaries have cut 
through it, failed to reveal other boulders of this kind. 

One or both sides of this kame are generally covered by the alluvium 
of the upper terrace, which plainly was of later deposition ; but the top 
usually projects in a long, rounded ridge, 10 to 30 feet above the adjoin- 
ing highest plain. At one place, east of Hartland depot, this plain has 
been swept away from both sides, and the kame forms a conspicuous, 
steep ridge 125 feet in height. Wherever it is exposed, it is readily rec- 
ognized by the pebbles which strew its surface, and which are very rarely 
found in the ordinary modified drift of the valley. 
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The most important feature of this kame, it we compare it with others 
in New Hampshire, is, that along its entire extent it constitutes a single 
continuous ridge, which runs by a very direct course nearly in the middle 
of the valley, having no outlying spurs, branches, parallel ridges, or scat- 
tered hillocks of the same material associated with it. The kames in the 
Merrimack valley and in eastern New Hampshire also average much 
coarser, and more frequently contain angular boulders, while in some 
places they show a gradual transition from sand and water-worn gravel 
to unmodified moraines. 

This remarkable ridge shows the course of the glacial river by which 
the floods from the melting ice, laden with grave!, sand, and clay, found 
their way between ice-walls to the open valley below. All the material 
which was thus brought down was probably gathered from the melting 
surface of the ice-sheet; and the pebbles were rounded in being carried 
along by its streams. Near the mouth of the channel in which these 
waters flowed, a portion of their gravel and sand was deposited with the 
alternation of summer and winter. Elsewhere, kames may have been 
formed by rivers beneath the ice-sheet; and when many boulders are 
contained in them, or found on their surface, they seem to be most read- 
ily explained by supposing them dropped from a melting roof of ice. It 
is at least plain, that if any kames have been formed under the ice, they 
must contain many boulders derived from this source. In nearly all the 
kames of New Hampshire it seems more probable that the angular mate- 
rials and large boulders, which we find associated with these water-worn 
deposits, were brought by the same currents, frequently in floating masses 
of ice. Their infrequency here puts it beyond doubt that the kame of -i 
Connecticut valley was formed in an open ice-channel. It is probable j 
that this did not extend at one time over the whole distance where we 
find the kame, but that it was gradually formed as the melting advanced 
northward, which was at so slow a pace that for a long time walls of ice 
enclosed the deposits of the glacial river. After these walls melted, the 
gravel and sand remained in a long, high ridge, which became nearly 
covered by the subsequent slow deposition of the high alluvial plain. 

When the river entered upon the work of excavating its present chan- 
nel in the alluvium, the kame was a barrier which confined erosion to the 
area on one of its sides and protected its opposite side ; so that this ridge 
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of gravel often forms the escarpment of a high plain, with the river flow- 
ing at its base, On this account we find the upper terrace occupying a 
greater width along the course of the kame than it averages elsewhere in 
this valley. 

In calling this kame continuous from Lyme to Windsor, it is not meant 
to imply that it is now entire, since it has been frequently cut through 
and considerable portions swept away by the main river and by tributary 
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D Kame of Connecticut Valley (24 miles ; 
scale, I iach=z8oo feet). 



streams ; but that so much of it remains as to make it certain that it 
originally formed an unbroken ridge. The portions now separated by 
gaps always lie in a continuous line. 

The first evidence that we find of this ridge is a coarse gravel deposit 
on the south side of a hill in Lyme, one mile north of the mouth of 
Grant's brook. For about one mile south from this point it has been 
carried away by the river. It then commences about one third of a 
mile south-west of the railroad station in Thetford, and thence extends 
southward with the profile shown in Fig. 12. It is nearly straight four 
miles to the mouth of Porapanoosuc river, which has cut through it, but 
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was at first turned south by it, as shown by an ancient river-bed (p. 37)- 
There is a slight bend in the kame at this point, but it continues with 
very nearly the same course eleven and a half miles farther to the south 
line of Lebanon, where it bends with the valley. It has no long gaps in 
the first half of this distance above White River falls. The Connecticut 
has formed for itself a more irregular course than this of the old glacial 
river, first flowing with the kame at a considerable but varying distance 
on its west side ; then, about two miles south of Pompanoosuc river, it 
cuts through this ridge, which thence through Hanover and Lebanon 
forms its high east bank to these falls. Gaps have been made in Han- 
over at the Vale of Tempe, at Webster's vale, at the road to the bridge, 
and by Mink brook. The second and third places are outlets of long 
gullies, which now have no running streams. 

At White River falls one mile of the kame has been removed by the 
river, giving coarse materials for terraces below (p. 40). It appears next 
in Hartford, where it is cut through by White river, south of which a 
good section of it is shown only a stone's throw from the Junction depot. 
Next, about a mile and a half has been swept away by the Connecticut, 
across the area now occupied by the low terrace at the mouth of Mas- 
corny river, A remnant is found in the south part of Lebanon, but it is 
soon crossed again by the river, and then continues a mile on the west 
side from the north line of Hartland to the mouth of the Quechee river. 
From this point, for two miles to Sumner's falls, it has been washed away 
by the Connecticut, which probably occupies nearly the former place of 
the kame. Thence it forms a high ridge close upon the west side of the 
river for nearly three miles to the mouth of Lull's brook. Next a rem- 
nant appears on the east side, at the line between Plainfield and Cornish, 
south of which it is cut through by the Connecticut for the seventh and 
last time. A section of it is exposed here on the south-west side of the 
river and railroad, where the largest pebbles seen were a foot in diame- 
ter. Thence it is well shown for a third of a mile south, reaching some- 
what above the highest terrace, but with a natural gap 40 feet below its 
general level where it is crossed by the road. It terminates a short dis- 
tance farther south-west, resting upon the side of a ledgy hill, about one 
mile north-west from Windsor village. The portion south of the road 
has a few boulders on its surface, which takes the form of a terrace. 
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Probably a similar gravel ridge once existed along the valley south- 
ward, though now shown by only a few fragments ; and it seems proper 
to add here whatever facts we have on this subject. Gravel, which is 
unmistakably that of the kame, was seen in the west part of Windsor 
village, exposed by excavation at a street corner some 500 to 600 feet 
north-west from the dam of Ascutney pond. Here all of the kame that 
was above the street has suffered erosion, and all else seen was fine allu- 
vium. On the east side of Ascutney pond we find a high, nearly level- 
topped area of kame-like gravel. This extends from north to south about 
three fourths of a mile, being one eighth of a mile wide, with a steep 
escarpment on each side. This seems to be a kame deposit, wider than 
usual, and resembling the high plains or broad ridges of the same origin 
about Dover and southward near the coast. The south end of this de- 
posit rests upon the north end of a ledgy hill. A mile and a half farther 
south we find distinct remains of the kame close upon the west side of 
the river road, extending about one mile with equal portions in Windsor 
and Weathersfield. This forms the east border of a high terrace, both 
kame and terrace being 150 to 170 feet above the river. The material 
of this kame is plainly shown by excavations made for repair of the road, 
and it is like that which uniformly prevails in the !ong range from Lyme 
to Windsor. Thus we find frequent gravel deposits which are probably 
remnants of a former kame along the first five miles south from the end 
of the undoubtedly continuous range. It is noticeable that here the 
kame was near the west side of the valley, with its continuity broken 
by hills. 

In the next eleven miles no indications of the kame were seen. It is 
then quite well shown for one mile in Charlestown, first appearing where 
the railroad cuts the high terrace south of Beaver meadow. This exposes 
a section of the underlying kame, and between Springfield station and 
the Cheshire bridge it forms a gravel hill, with a height in both places 
130 feet above the river, or 420 feet above the sea. Eight miles inter- 
vene before we find its next remnant, which is a pine-covered plateau, 
used as a picnic ground, in the north part of Bellows Falls village. This 
is 75 feet above the streets that surround it, 112 feet above the river at 
the head of the falls, and 395 feet above the sea. At its north end a 
section is exposed, which shows this to be a portion of a kame by its 
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material, which is the characteristic coarse gravel, and hy its anticlinal 
stratification. The next fifteen miles afforded no evidence of the kame. 
We then find three remnants of it in six miles, and below these nothing 
in the following fifteen miies, or to the end of our journey, which extended 
through Northfield, Mass. The first of these remnants was near the 
south-west corner of Westmoreland, 158 feet above the river and 370 feet 
above the sea. The second was a short distance south-west from Dum- 
merston station, 215 feet above the river and 425 above the sea. The 
river has swept this away at its south end, and the railroad is here built 
across its terminal slope, which shows a fine anticlinal stratification. The 
most southern portion of the kame found remaining in this valley is at the 
north side of West river, lying on ledges between the railroad and the 
highway, where we have a well-defined gravel ridge 160 feet above the 
river and 360 feet above the sea. 

These peculiar deposits, similar in material and stratification with the 
kame that extends from Lyme to Windsor, were plainly once more exten- 
sive than now, and probably are portions of an originally continuous ridge. 
Long gaps have been washed away in the southern half of the range, from 
Lyme to Windsor; and farther south the river has left only scanty rem- 
nants of this oldest modified drift of its valley. 

Returning now to the later deposits, which have been shaped by the 
river into terraces, we will begin where we left them, at Cornish and 
Windsor. The original highest flood-plain of the river in these towns 
and through Claremont and Weathersfield seems to have sloped from 500 
to 450 feet above the sea. The river from Windsor to Bellows Falls, 26 
miles, has a very gentle descent from 304 to 283 feet above the sea. 
Hence it will be sufficient in this distance to state only heights above the 
sea, from which that above the river may be easily determined. 

The terraces of Windsor village are very interesting. That at the 
depot and railroad is 330 feet above the sea; of the post-office, 354; of 
the street leading west past the state prison, 382 to 397, rising 15 feet in 
going a half mile away from the river. The last remains now in the form 
of an isthmus, having been channelled out by the river on the north side 
of this street to a depth of 60 feet, and to the same amount on the south 
side by Mill brook. The highest terrace, increased by a tributary, is 
shown farther west. 
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The railroad in Cornish and to within one mile of West Claremont, or 
for a distance of four miles, is built on one continuous terrace, from one 
sixth to one third of a mile wide, and sloping in this width some twenty 
feet towards the river. The west side of this terrace has a height of from 
360 to 350 feet. A terrace of corresponding height extends nearly the 
whole distance opposite to this on the Vermont side. A narrow belt of 
interval is found much of the way between these terraces and the river, 
but for the last mile, at the north corners of Claremont and Weathersfield, 
they are separated only by the channel. These are plainly the remains 
of a former flood-plain, intermediate between those of the Cbamplain 
period and of the present time. 

Several hills of ledge and till, entirely surrounded by modified drift, 
occur in this part of the valley. One of these, in Windsor, turns Mill 
brook north into Ascutney pond. Another occurs in Weathersfield, 
about one mile south of Ascutneyville. The largest of them is Barber's 
mountain in Claremont, which occupies an area more than two miles long 
by one mile wide, and reaches an altitude of 950 feet above the sea. This 
has smooth slopes of till on the north and east, but presents abrupt ledges 
on the west and south. It stands directly in the line of the river's course, 
so that as it is approached it seems at first to form a barrier across the 
valley. The Connecticut has always flowed by its present detour on the 
west side of this mountain. At its north end a remnant of the original 
high flood-plain is preser\'ed, being 440 feet above the sea; and in Ver- 
mont this upper terrace is well shown for half a mile farther south. It is 
then wanting on the west side of the mountain and for more than a mile 
in Vermont, but reappears at its south end on both sides of the river, 
being continuous on the west side to the north line of Springfield. 
Scarcely any alluvium remains at the west foot of the mountain. A very 
narrow strip, however, extends for a mile along the river's edge, notable 
for its slope of twenty feet in this distance from 325 to 305 feet above 
the sea. The opposite terrace in Weathersfield, about 340 feet in height, 
extends more than two miles, with a nearly uniform width of one sixth of 
a mile, west of which rises a high steep hill. 

The high alluvium on the east side of Barber's mountain is the product 
of Sugar river, and while it was being deposited the Connecticut flowed 
in its present course. This is shown by the height and configuration of 
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its surface, which tell its origin and mode of deposit. The railroad passes 
by this route, and the portion in which we are interested is from Sugar 
river to Claremont junction. East of the railroad Trisback hill rises 850 
feet above the sea. This obstacle turns back the course of Sugar river at a 
sharp angle, whence it flows by a long bend on the north side of the hill. 
The channel of Sugar river is cut 150 feet deep in its original plain, over 
which its highest floods at the end of glacial time poured into the Con- 
necticut valley by two routes, one as now north of Trisback hill and Bar- 
ber's mountain, the other south of these towards Ashley's ferry. The 
highest portion of this plain in Claremont village is 565 feet above the 
sea, or 40 feet higher than the river above the upper dam. It thence 
slopes to 530 feet at one third of a mile east of the junction, and is shown 
on the east and north sides of the river to West Claremont, sloping to 
540 feet. The deposits of modified drift which are cut by the railroad at 
Ellis's bridge, a mile south of Sugar river, and again just north of the 
junction, being respectively S 1 5 and 500 feet above the sea, are remnants 
of these plains. They were both brought down at this time by the floods 
of Sugar river, the former on the north side, the latter on the south side 
of Trisback hill. The space between these deposits is a swamp, from 30 
to 40 feet lower, showing that the supply was not sufficient for filling the 
whole area west of this hill. 

The descent of Sugar river at Claremont village is 125 feet, of which 
about 100 feet is used for water-power. Below the foot of these (alls it 
descends 100 feet more before it joins the Connecticut at 300 feet above 
the sea. 

In Charlestown and Springfield the normal high flood-plain of Con- 
necticut river was probably about 450 feet above the sea, or 150 above 
the river; but it is here more obscured by higher tributary deposits and 
the terracing process of erosion than in any other portion of the valley. 
It appears to be shown in the broad, uneven terrace west of Calavant 
hill ; probably in that over which the railroad passes south from North 
Charlestown station; in the first tefrace east and south from Beaver 
meadow, but not in that of the fair-ground and road northward, which 
is the delta of Beaver brook ; in the terrace east of the cemetery at the 
village of Charlestown ; and in the highest terrace, two miles long, above 
South Charlestown. 
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An interesting dune was noted on the north-west slope of Calavant 
hill, near the north line of Charlestown. Its height is 598 feet above the 



Fig. 13.— Section in Sprikgfield and Charlestown near their north 
LINES. Length, ij miles. 

sea, or about 150 feet above the original plain from which it was blown 
by the north-west winds, as indicated by the sand-drifts, now principally 
covered by grass, that were left in its path. 

South from Little Sugar river a high terrace of till, on which the road 
is built, extends a mile and a half to the east side of Rattlesnake hill. It 
is nearly level-topped, and of about the same height in its whole length, 
being 550 feet, sloping to 540 feet above the sea. This terrace is com- 
posed of till, apparently unstratified and scarcely modified, except so far 
as its terraced form may be due to water. This is the upper till, distin- 
guished by its comparatively loose and sandy character. The underlyii^ 
member is exposed by the guliy of a brook near the school-house, being 
a blue, very compact, stony clay. 

In Springfield the whole or a part of the modified drift, lying between 
320 and 350 feet above the sea, presents an irregularly sloping contour 
for four miles, from the north line of the town nearly to Skitchawaug 
mountain. 

In Rockingham, opposite the south part of Charlestown, we find two 
considerable areas, which appear to be remnants of the river's highest 
plain. One of these, more than a mile long by two thirds of a mile wide, 
is in the north part of the town, bordering the river. The second is as 
long, but only one fourth mile wide, extending to the south from near 
the mouth of Williams river. 

Deltas. Three prominent deltas occur in these towns, the products of 
Little Sugar, Black, and Williams rivers, with heights respectively 530, 
530, and goo feet above the sea. The greatest extent of these deposits 
now remaining is in each case on the north side of the stream. Only 
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the upper portion of the delta of Little Sugar river is of the height men- 
tioned. Its principal mass is 50 feet lower, being the terrace cut by the 
railroad one third mile north of the river. It is almost wholly composed 
of gravel, in which the largest pebbles are one foot in diameter. In the 




Fig. 14. — Folded Clayey Layer in 
Gravel, North Ckarlestown. 

midst of this gravel a stratum ij to 3 feet thick, consisting of clay in 
layers a third of an inch thick, interstratified with a clayey sand, was 
exposed for 75 feet on the west side of this cut. Along half this distance 
it was levelly stratified, but beyond was irregularly crumpled, as shown 
in Fig. 14, apparently by lateral pressure. 

The wide, high delta of Black river has been cut through by Button 
brook, and has been variously terraced both by this brook and by Black 
river. A considerable portion of its plain between these streams is cov- 
ered by heavy white pine woods. This delta increases the height of the 
upper terrace for more than two miles southward. The delta of Williams 
river is less extensive than the preceding, and at the same time has less 
thickness, as it has been partly protected from erosion by ledges, which 
in some places form its border. 

Two miles north from Williams river the west bank of the Connecticut 
exhibits an interesting section (Fig. 15) of synclinal strata of clay and 
sand eroded to a level top, and over- 
;j>>^^^g j^n- 'aid by levelly stratified sand. The 
^^^^^^^ synclinal deposit appears to be the 
lower part of that which once filled 

IF RrVER-BANK, , r - 

Scale I inch=: '^"^ valley. After its upper portion 
100 feet. had been carried away, the overlying 

sand was brought in by a tributary, and subsequently terraced by the 
river. The most noticeable feature of the modified drift north and south 
from here is the wide interval or meadow, which extends from Charles- 
town village to Bellows Falls, and lies partly on each side, being several 
times crossed by the river. 
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From South Charlestown to Cold river the precipitous face of Kilburn 
peak or Fall mountain forms the eastern boundary o£ the modified drift. 
Opposite Bellows Falls this leaves scarcely room for the railroad and the 
highway between it and the river. The height of this mountain is about 
1,200 feet above the sea. The water-shed on its north-east side in Lang- 
don, between the brook which flows into the Connecticut at South 
Charlestown and one of the branches of Cold river, is a swamp one sixth 
of a mile wide, 458 feet above the sea, or 175 feet above the river. Mod- 
ified drift, mainly coarse, extends south from this water-shed to Cold 
river. It was formerly supposed that the modified drift was deposited at 
a time when the valleys were made a series of lakes by the existence of 
barriers since swept away, and the narrowest space at Bellows Falls was 
regarded as the probable site of such an obstruction. No evidence point- 
ing to this was seen by us here or in any other portion o£ the valley, 
except so far as deltas, the ridge of the kame, or other unusually high 
deposits of modified drift may have acted in this way for a short time. 
It is obvious that with any high barrier here the river would have found 
passage over the low water-shed north-east of the mountain. 

At Bellows Falls the river descends 49 feet (from 283 to 234 feet above 
the sea), through a narrow, water-worn channel of rock. Distinct glacial 
strife are seen upon these ledges at the head of the falls. The original 
highest plain seems to be shown by the upper terrace, 425 feet above the 
sea, which extends one mile north from the falls on the east side. This 
is about 30 feet higher than the remnant of the kame (p. 47), around 
which the high plain has been wholly swept away and the principal ter- 
race of the village formed, from 325 to 320 feet above the sea. This 
area of fine alluvium extends a third of a mile west from the falls, and 
it is almost certain that somewhere beneath it is a rocky channel lower 
than the head of the falls, in which the river flowed before the glacial 
period. In excavating the modified drift which was afterwards deposited, 
the river has formed its present channel close upon the east side of its 
valley, passing over ledges which are probably much higher than its pre- 
glacial bed. 

Cold and Saxton's rivers have brought down large amounts of modified 
drift 75 feet above the normal high plain. The proper delta of the 
former has been eroded so far as it occupied the main valley, but the 



Hosted by 



Goosle 



54 SURFACE GEOLOGY. 

escarpments thus formed remain at the mouth of the valley of Cold river, 



de plain is found on the south 
n one half mile farther east at 
sand or fine gravel, but in 



from 100 to 200 feet high. Thence a wid 
side of Cold river for one mile, and again 
Drewsville The west part of this deposit 
the east portion coarse gravel prevails. 

On the south side of Saxton's river a considerable part of its delta 
remains, and the upper terrace is increased in height by this cause for 
two miles south. The excavation of this delta by Saxton's river has 
formed a most interestingly terraced basin, situated less than a mile south 
from Bellows Falls junction. On both sides of this river, and crossed 
by a road, is an interval about one fourth of a mile in diameter. Around 
this on all sides are ranged terraces, which rise in succession like the 
seats of an amphitheatre, the highest on the north-west being 220, and on 
the south 200 feet above the arena below. They do not, however, show 
a perfect regularity either in correspondence of height or in continuous 
extent, and no single section would embrace all of the eight distinct and 
separate terraces which we noted on each side of the river. 

At Walpole village the limits between alluvium and till are not so dis- 
tinct as usual. The highest terrace of the Connecticut appears to be 
shown here 395 feet above the sea, and it is nearly continuous south- 
ward through this town, descending to 360 feet at its south line, where 
numerous dunes occur 30 to 50 feet higher. Irregular terraces intervene 
between this highest level and the river. 

In Westminster, opposite Walpole village and for one or two miles 
north and south, the modified drift is wide, and lies in beautiful, broad 
terraces. That of the village is 90 feet above the river, or 315 above the 
sea; another, 50 feet lower, extends one mile northward to the bridge. 

Through Westmoreland and Chesterfield the upper terrace varies be- 
tween 400 and 350 feet above the sea, the former height being reached by 
deltas three fourths of a mile south-west from Westmoreland depot and 
at and below the mouth of Catsbane brook. The modified drift in these 
towns is generally very narrow ; but bends in the river give it a width of 
two thirds of a mile at two places in Westmoreland, one of which is a 
mile and a half south-west from the depot, and the other the same dis- 
tance north from the south line of the town. At both these points dunes 
occur on the hillsides just above the terraces. 
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In Putney, Dummerston, and Brattleborough, opposite the foregoing, 
we find nearly the same normal limit of the modified drift, and increased 
height of that brought in by tributaries. A bend of the river at the 
north-east corner of Putney gives to that town a notable expanse of 
low terrace, covering three fourths of a square mile. Many of the ter- 
races in Dummerston, especially for two miles north from the depot, 
slope more than is common towards the river, and are less distinctly 
separated by the usual steep escarpment. An interesting remnant of the 
kame occurs a third of a mile south-west from the depot (p. 48}. At the 
west side of this ridge is a hollow of 100 feet, beyond which is an exten- 
sive deposit of kamedike gravel, which has been protected from erosion 
by a border of ledges on its south-east side. This has about the same 
height with the top of the kame, and appears to be of similar origin. 

Two large streams — West river and Whetstone brook — ^join the Con- 
necticut in Brattleborough. The latter flows through the centre of the 
village, supplying valuable water-power. A large part of its delta remains 
in the high plain at the south and south-west. The height of this a mile 
west of the river is 425 feet above the sea; at the Catholic cemetery, 
409; at the fair-ground, about 400. Above the west part of this plain, 
however, a still higher delta, at 490 feet, has been formed by a small trib- 
utary of this brook. This is the highest deposit of modified drift found 
in this valley south of Bellows Falls, The height of Connecticut river 
here is 200 feet above the sea. In the north-west part of Brattleborough 
village there rises a ledgy bill, about 525 feet above the sea, below which 
on the west is a belt of alluvium, extending north from the delta of Whet- 
stone brook to the valley of West river. Its northward slope shows it to 
be a part of the delta deposit of this brook. In the village erosion has 
removed the delta, giving on the north three principal terraces, 290, 308, 
and 341, and on the south two, 300 and 369, feet above the sea. 

West river is situated one mile farther north, and is larger than Whet- 
stone brook ; but it is of less interest, because it forms an exception to 
a general rule, having apparently brought no delta into the Connecticut 
valley. It has, however, labored so abundantly in hollowing out its chan- 
nel, that its course is through a beautiful basin, somewhat like that on 
Saxton's river, mainly overflowed at high water and bordered by terraces. 
On the north side of its mouth are the most southern remnants of the 
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kame (p. 48); and on the south side an interesting series of secondary 
terraces, left as bench-marks of its progress in excavating the basin. 

The view of New Hampshire from Brattleborough is similar to that 
from Bellows Falls. At both these places, the largest towns in Vermont 
on this river, its eastern shore is an abrupt mountain wall, against which 
no terraces or only scanty remnants are found. Wantastiquit or West 
River mountain extends nearly four miles, with about equal portions in 
Chesterfield and Hinsdale, and rises to an altitude about 1,200 feet above 
the sea. The lowest point of water-shed at the east, near the head of 
Catsbane brook, is by. estimate 650 feet above the sea, or about 200 feet 
above the highest portion of the Hinsdale plain. 

South-east and south from this mountain is the most extensive plain 
on this river in New Hampshire or Vermont, being three miles long, 
with a width decreasing from two miles to two thirds of a mile. The 
road from Hinsdale to Brattleborough passes over the south end of this 
plain. Here its height is 350 feet above the sea, or 165 above the Con- 
necticut at the mouth of Ashuelot river. It is mainly composed of sand, 
nearly level, but with a slight slope to the west and south, being as usual 
towards the river and in the direction of its course. Its extremity, three 



• Fig. i6.~Section m Vernon and Hinsdale. Length, 3 miles, 

fourths of a mile south-west from this road, is twenty feet lower. North- 
ward, its west edge is about 340 and its east side probably as high as 380 
feet above the sea. Its northern portion changes to gravel, which be- 
comes coarse on the south-east side of Wantastiquit, containing pebbles 
one foot or sometimes a foot and a half in diameter. The position and 
slope of this plain show that it was not deposited wholly from currents of 
the main valley ; evidently a considerable portion was contributed from 
the melting of the ice-sheet east of Wantastiquit mountain. 

Extensive sand-drifts or dunes blown from this plain occur on the hills 
at its east side for a mile and a half north from Hinsdale village. The 
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highest of these at present drifted by the wind are about 100 feet above 
the east edge of the plain, but large amounts of sand now grassed over 
extend go feet higher. 

Ashuelot river at Hinsdale, and for a mile east, is bordered by terraces 
but little higher than the plain. Slight remains of an older delta, about 
400 feet above the sea, appear at iJs opening into the main valley, espe- 
cially above the railroad east of its mouth. This stream, like Whetstone 
brook at Brattleboro', has formed numerous and interesting terraces in 
the alluvium of the Connecticut during the excavation of its channel to 
join that river. 

In Vernon, a high delta of small extent occurs on the north side of 
Broad brook. An isolated plateau, 70 feet above the low terrace sur- 
rounding it, and plainly a remnant of the principal terraces north and 
south of this brook, is found on its south side close to the river. It has 
been cut through for the railroad. Another plateau, similar to this, but 
only 15 feet in height, is cut through by the Ashuelot Railroad, just north 
of South Vernon. For two miles north from Vernon village the modiiied 
drift averages one mile wide, and is very finely terraced ; a half mile west 
from this village it consists of an extensive delta, 410 feet above the sea. 
One of the most picturesque portions of this river, as seen in our boat 
journey, was at this place in the circuit around Cooper's point, where 
the river is divided by islands, and frequent gneissic ledges are exposed 
along its shore. These islands, and others along the river, are in nearly 
all cases alluvia! and within the reach of high water. For a half mile 
east from Vernon the current of the river, by reason of this bend, has 
been so directed against its south shore that scarcely any alluvium re- 
mains, instead of which we have an irregular slope of till and ledge. 

Opposite Northfield village we find a prominent delta-plain of gravel, 
390 to 375 feet above the sea ; and the first brook north of this village has 
brought down kame-like gravel and irregular delta deposits of similar 
height. The normal highest plain of the Connecticut seems to be repre- 
sented by the west portion of the Hinsdale plain ; by the irregularly 
sloping terrace, which extends two miles north from Vernon, with its 
upper edge 340 feet above the sea; by an extensive terrace one mile east 
of Vernon, at 330; probably by terraces north and south of South Ver- 
non, at 395 and 290 ; by irregular remains in the south part of Hinsdale, 
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at 350, expanding into a plain in the south-west corner of Winchester, 
with a slope from 335 to 3 10 ; and by the plains at and south from North- 
field village, about 300 feet above the sea, or 120 feet above the river. 

An examination of the southern maps of Connecticut river (p. 40) 
shows a second apparently connected series of terraces, which probably 
marks one of the principal flood-plains formed by the river during its 
work of erosion. It exhibits a similar slope with that of the highest 
plain, or of the present river with its bordering intervals. This series is 
most clearly continuous below the north line of Erattleboro', but seems to 
be traceable from White River falls, where it appears in the terrace on 
the west, from 435 to 455 feet above the sea, formed from the under- 
mined kame. It occurs north and south from West Lebanon, at 430 
and 440; one mile south of Mascomy river, at 440; opposite to this, at 
from 430 to 410; at North Hartland and opposite, from 413 to 400; 
probably at Hartland depot, from 425 to 410; in the north-west cor- 
ner of Cornish, from 380 to 375 ; at Windsor post-ofKce, 354 ; in the ter- 
race of the railroad for four miles southward, from 360 to 350; in the 
principal terrace opposite Barber's mountain, from 340 to 335 ; east of 
Weathersfield Bow, from 350 to 340; in the north part of Charlestown 
and Springfield, small terraces, 350; south from Black river, 360; on the 
road from Cheshire bridge to Charlestown, 350; in several places to South 
Charlestown, from 345 to 340; in the narrow curved terrace on which the 
road runs, one to two miles north of Williams river, from 335 to 330; in 
the principal terrace of Bellows Falls, and that of the Sulhvan county 
railroad for one mile north, from 325 to 320; between Cold river and 
Walpole, 330; along the railroad, one to two miles south from Walpole, 
from 315 to 308; at Westminster village, 31S ; in scanty terraces, for five 
miles south, from 315 to 300; at East Putney and opposite, from 300 to 
280; for eight miles southward, numerous terraces, sometimes irregularly 
sloping, from 310 to 290; in Erattleboro', from the north line to West 
river, a broad level terrace, 290 ; in the village, 290 and 300 ; at the mouth 
of Broad brook, the same; in the wide terrace of the railroad north from 
Vernon, 290; probably at Cooper's point, 274; opposite Ashuelot river, 
27s ; at South Vernon, 270 ; on the west side of the river in Northfield, 
from 264 to 260 ; and on the east in a continuous terrace, varying from 
270 to 260, extending from one mile south of Hinsdale to the limit of 
our map and survey, two miles south of Northfield village. 
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It will be seeQ that this list embraces the most conspicuous terraces 
below the highest plains. The formation of the terraces has taken place 
by excavation of a vast deposit that filled the valley level with these upper 
plains ; and it might happen that at some period in the deepening of the 
channel the river would hold nearly the same height for a longer time 
than usual, after which the deepening might go on rapidly again, leaving 
the broad flood-plain then formed to be shown only by remnants, as in 
this series. At the least, it cannot be doubted that this is the true ex- 
planation of its most notable j>ortions, as for the eighteen miles through 
Brattleboro' and southward, and for eight miles south from Windsor. 

Recapitulation op Modified Drift of Connecticut River. 
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Modified Drift along Lower Ammonoosuc River. 

Interesting deposits of modified drift are found on the Lower Ammo- 
noosuc river. Its course through the wide basin at the south-west foot 
of Mount Washington, descending more than 1,000 feet in six miles from 
the base of the mountain railway to the Fabyan house, is almost continu- 
ously bordered by large amounts of water-worn gravel, and sand becomes 
abundant in the last two miles below the Upper falls. These deposits 
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appear to have been formed at the disappearance of the ice-sheet, princi- 
pally consisting of material contained in its mass and set free at its melt- 
ing. Their origin was like that of the finer alluvium of the lowland 
valleys ; and their date was at the end of the long period in which nearly 
all our deposits of this kind were formed. 

Modified drift of similar character occurs upon the South Branch. At 
the Crawford house, where several mountain torrents fall into the valley 
and form this stream, a great depth of very coarse stratified detritus has 
been brought down. This superficial deposit forms the water-shed be- 
tween the Connecticut and the Saco, carrying it a third of a mile north- 
west from the rocky summit of the pass, which is at the gate of the 
Notch. 

A well marked series of kames, or ridges of very coarse gravel, extends 
along the South Branch from about a mile north o£ the Crawford house 
nearly to its mouth. It appears again on the north-east side of the Am- 
monoosuc, between the mouth of this branch and the Fabyan house. 
Here it forms a single steep, narrow ridge, from 30 to 40 feet high, 
around which the river passes in a long southward bend. This ridge is 
conspicuously seen from the railroads on the opposite side. The mound 
known as the "Giant's grave," which was levelled down for the site of the 
Fabyan house, was a similar ridge about 300 feet long. This was noticed 
by Sir Charles Lyell, in his journey through the White mountains, who 
says it presented "the same appearance as those mounds which are 
termed 'osar' in Sweden."* Other deposits of the same kind lie between 
this place and the White Mountain house, at the north edge of the allu- 
vial area. This series of kames appears to have been formed by a glacial 
river, which was fed from the melting ice-fields of the Mt. Washington 
and Mt. Willey ranges. Similar kames, which were also formed by 
glacial streams tributary to the Ammonoosuc valley, are seen along the 
Cherry Mountain road south from its summit. 

That the ice of this area, near the end of the glacial period, moved west- 
erly down this valley, is shown by abundant morainic boulders, which 
have been transported from Mt. Deception to the Twin Mountain house, 
where the glacier seems to have paused after its retreat from the lowlands 
and the valley below, The kames which we have described mark its 
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diminishing extent at a later date. At both these dates great amounts 
of alluvium were brought down by its streams, forming a wide interval 
between the Fabyan house and the Lower falls, which fills what must at 
first have been a deep lake basin, and spreading out at and below the 
Twin Mountain house in an extensive low plain. The height of the 
former is from 1,560 to 1,550, and of the latter from 1,375 ^o ^'3$'^ ^^^^ 
above the sea. Considerable deposits of modified drift occur at other 
points along the upper portion of this valley. 

Below Littleton we find the alluvium continuous, and usually in large 
amount on one or both sides of the river to its mouth. This is a distance 
of nearly twenty miles, in which the river descends about 400 feet, having 
its mouth 407 feet above the sea. The highest terraces near Littleton 
are from 60 to 75 feet above the river, but scarcely any deposits occur for 
the first five miles above the low terrace, which is partly interval. Below 
North Lisbon both this and the high terrace, which sometimes widens 
into plains, are well shown. South-west from North Lisbon the high 
terrace is about 100 feet above the river; at Lisbon, about 125 ; at the 
east line of Bath, 150; at Bath village, 175 ; and one mile from its mouth, 
300 feet, or 220 on its south side and 225 on its north side above Con- 
necticut river. The slope of the ancient high flood-plain of the Lower 
Ammonoosuc was thus about 12 feet to a mile, descending but little more 
than half as much as the present river. The only kame observed in this 
lower part of its valley was a short ridge of gravel between the railroad 
and highway at the east line of Bath. 

Modified Drift and Water-worn Rocks at Orange and Newbury 
Summits. 

The lowest point in New Hampshire, upon the water-shed which 
divides the Connecticut and Merrimack basins, is at the summit of the 
Northern Railroad in Orange. Two rock-cuts, each about 30 feet in 
depth and together a quarter of a mile in length, were here made for the 
passage of the railroad through ledges of gneiss. Both these excavations 
were at the lowest points over which water couid flow between these val- 
leys. At the south excavation the top of the ledge on the east side 
shows in a distance of about fifty feet three water-worn cavities, 4, 6, and 
12 feet deep, in order from north to south, one half of each of which has 



Hosted, by 



Goosle 



64 SURFACE GEOLOGY. 

been blasted away. Stilt more remarkable evidences of water action, in 
the form of cylindrical pot-holes, similar to those at Amoskeag and Bel- 
lows falls, formerly existed here, but were destroyed in the work of rock- 
excavation. The most interesting of these was called "the well;" it was 
situated on the north ledge, and was described by Jackson as 1 1 feet 
deep, 4i feet in diameter at the top and 3 feet at the bottom. It was 
originally filled with earth and round stones.* The height of the railroad 
here is 990 feet above the sea, being about 30 feet below the natural sum- 
mits of ledge which were thus water-worn. The south ledge was three 
or four feet lower than the north ledge; and on both the water-worn 
portion was at their highest points, and thence extended down their 
south-east slopes. 

When we consider the great amount of erosion which was effected 
during the ice age, it seems impossible that these pot-holes and evident 
marks of extensive water-wearing could have been preserved through 
this period, especially when we take also into account that any barrier, 
which had before existed to turn a stream across this place, must have 
been removed by this erosion. It becomes necessary, then, to inquire 
how such water-wearing could be produced during the melting of the ice- 
sheet. 

The modified drift found on both sides of this summit shows us the 
probable answer to this question. Our examination extended from Graf- 
ton Centre to East Canaan. The stream which we follow northward 
nearly to Orange summit is the head of Smith's river. The first two 
miles to near Tewksbury pond show considerable areas of low, levelly 
stratified alluvium. From the north limit of this material we find no 
modified drift of any consequence for about two miles, extending over the 
summit, all the valley being ledge or glacial drift. No kame-like depos- 
its were seen in this distance. On the north side of the north rock-cut 
a deposit of water-worn gravel lies against the ledge. At one fourth 
mile farther north-west we find a kame from joo to 600 feet long and 
about 35 feet high, the top of which has nearly the same height with 
the top of the rock-cuts. Similar short kames, sometimes 1,000 feet 
long, generally single, and nearly in line with each other, extend thence 
for a mile along the south-west side of the railroad. This material is 

•/ackson'j Filial Ri^rt on Gistag^ e/ New Hxmpskirl,^f. 113 and 114. 
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mainly coarse, .water-worn gravel, with the largest pebbles usually about 
one foot in diameter, sometimes interstratified with considerable sand. 
Deposits which are also apparently of kame-like origin, consisting of 
gravel and sand, border the hills on the south-west side of the valley 
to East Canaan. This distance of nearly three miles has but little de- 
scent, and to the north and west the country is nearly level for consider- 
able widths in the valley, and not much lower than Orange summit. 
These areas are swampy, or are covered with low deposits of sand, which 
is also seen in patches on the hillsides from 30 to 40 feet higher. 
Large areas of low modified drift, often swampy, border the Mascomy 
river for several miles to the west. The heights of these points, in feet 
above the sea, are as follows: Grafton Centre, 871; Tewksbury pond, 
904; Orange summit, 990; top of railroad cuts, natural surface, 1,020; 
East Canaan, 956. 

The Merrimack valley, lying nearer than the Connecticut valley to the 
coast and outer limit of the great ice-sheet, and not being sheltered by a 
continuous belt of highland, was the first to become free from ice. It 
seems probable that the melting in the Merrimack basin proceeded north- 
westerly to this summit, which became the outlet from the melting ice- 
sheet over the nearly level area beyond. A long period appears to have 
followed before the ice disappeared from the Connecticut valley and along 
its bordering range of highland, of which Croydon and Moose mountains 
are the culminating points, so as at length to give the basin of Mascomy 
river a lower outlet to the west. The kames indicate the north-westerly 
retreat of the stream that descended from the glacial slopes ; and the 
wide-spread, low alluvial deposits of Canaan mark the extent of the 
ancient lake, from which a large river nearly destitute of alluvium poured 
over the ledges of Orange summit into the Merrimack basin. 

Newbury summit, on the Concord & Claremont Railroad, was probably 
in a similar way the outlet from the basin of Sunapee lake during a part 
of the Champlain period. The ledge beside the highway, 150 feet east 
from the rock-cut at this summit, shows a pot-hole 2i feet in diameter, 
and the same in depth. With the present drainage no stream could exist 
to perform this work, which tells of a time when the ice-sheet had melted 
on the south-east and from the basin of Sunapee lake, while it still filled 
the valley of Sugar river, causing an outflow here to the east over the 

VOL. 111. 9 
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present water-shed. Along the half mile between this summit and the 
lake, kame-like banks of gravel and sand are foimd; but in general the 
shores of the lake are destitute of modified drift, being composed of till 
or ledge. The heights of these points, in feet above the sea, are as fol- 
lows: Sunapee lake, low to high water, 1,090 to 1,103; Newbury summit, 
1,130; top of railroad cut, 1,181; pot-hole, about 1,175; lowest point over 
which water could flow towards the Merrimack river, 400 feet south-west 
from the rock-cut, i,i5i. It seems probable that when this pot-hole was 
formed, the lower avenue at the south-west was still filled with ice. 

Another pot-hole, 10 inches in diameter and 3 feet deep, the origin of 
which we cannot explain, occurs about 20 rods north of Newbury station, 
at the shore of Sunapee lake, halfway between high and low water. There 
is no rivulet or depression leading to the lake at this point. 

In Warwick, Mass., two miles north-east from the village, the drainage 
during part of the Champlain period was also' over the present line of 
water-shed, which separates Ashuelot and Miller's rivers.* The current 
here was from north to south, as shown by an area 40 feet square of in- 
disputably water-worn ledges, with numerous pot-holes, which are locally 
known as " Indian kettles." This place is near the lowest point of the 
water-shed, which is a swamp perhaps 25 feet below these water-worn 
rocks. While the pot-holes were being formed here, the lowest place 
over which water could have flowed was probably occupied by an un- 
melted portion of the ice-sheet, as at Newbury summit. 

Little Sunapee Lake, New London. 

The peculiar form of this lake, as shown on the county map, led to an 
examination of its surface geology. It is a mile and a half long from 
east to west, and is divided into nearly equal parts by a kame-like tongue 
of land, which extends fully a half mile from north to south, leaving at 
the south shore only a shallow channel about 50 feet wide. It is princi- 
pally surrounded by gently sloping hills of ledge or till, but a narrow 
margin of alluvium, 10 feet in height, borders its north-east shore. The 
materials of the dividing peninsula are sand or gravel, with boulders at its 
south end. Its width is less than 100 feet and its height about six feet, 
where it is joined to the north shore. The central portion is about a 

•Jackson's J^iM/iTpA>r/p» CiBfo^ 0/ A'™ ffiiw/iSirj, p. 38=. 
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sixth of a mile wide and 30 feet high, gently sloping from the middle to 
the shores. This is used as a picnic ground, and is covered by pitch and 
white pines and white birches, the characteristic trees of our sandy plains. 
The southern portion is most like our ordinary kames, being mainly nar- 
row, and in some places scarcely a rod wide. This peculiar accumulation 
of modified drift appears to be due to a depression formed here in the ice 
at its melting, into which these materials were carried by the glacial 
streams. Afterwards a hollow was left on each side at the disappearance 
of the ice. 

AsHUELOT River in Keene and Swanzey. 

The principal valley of Cheshire county has its widest development in 
Keene and Swanzey, as shown on Plate V. When the ice melted here, 
this basin contained for a short time a body of water somewhat larger and 
probably deeper than Sunapee lake, which soon became filled by the allu- 
vium of floods which the retreating ice-sheet sent down by every tributary 
from north, east, and south. The city of Keene is built on the east por- 
tion of these level deposits, which are here two and a half miles wide, 
and extend with nearly the same width two miles to the north and the 
same distance to the south, The Ashuelot river flows through this basin, 
lying near its east side above Keene, but crosses to its west side in the 
north part of Swanzey. Its west portion in Keene is drained by the last 
four miles of Ash Swamp brook. Three miles south from Keene the 
Ashuelot river finds an avenue westward, along which it is also bordered 
by low modified drift for several miles. The straight valley, however, 
continues to the south through Swanzey, being occupied by the South 
branch and Great brook, with an alluvial area which decreases from one 
mile to one third of a mile in width. We thus find here a valley ten 
miles long from north to south, filled with nearly level deposits which are 
but slightly higher than the streams, and bordered by steep and nearly 
continuous ranges of hills, which rise from 400 to 600 feet upon each 
side. This alluvium consists almost everywhere of sand or fine gravel, 
perhaps extensively underlaid by clay, which is worked for brick-making 
near the south edge of the city of Keene. Its height is from 10 to 40 
feet above the river ; and the whole plain was originally of the Same 
height with the highest portions, which still occupy the greater part of 
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the alluvia] area. These are generally separated from the lower interval 
by steep escarpments, which show that the difference in height is due to 
excavation by the river. 

The only kames found in this area were several small irregular ridges 
of coarse gravel at Woodland cemetery in Keene. The railroad cut north 
of the bridge at South Keene shows successive layers of coarse gravel 
and sand. These are 40 feet above the highest plains, being the delta 
deposits of the branch which here enters the valley. South from this 
station for one third of a mile we have irregular ridges 40 feet high at a 
short distance west of the railroad, resembling kames in form, but scarcely 
differing from common till. In the south part of Swanzey we find occa- 
sional terraces, which are sometimes of coarse gravel, from 60 to 70 feet 
above Great brook, showing that much material at first deposited here 
was afterwards channelled out by this stream and carried northward to 
the wide low plains. 

Modified Drift along the Pemigewasset and Merrimack River. 

The river which drains the central portion of New Hampshire has a 
quite direct course slightly east of south. Its only departure in this 
state from the general direction is between the villages of New Hampton 
and Bristol, where it makes an offset of four miles to the west. This val- 
ley affords one of the few avenues for crossing the mountainous region. 
It begins in the deep gap of Franconta notch, between abrupt mountain 
walls, and it is at first closely enclosed by the high ranges which extend 
thence to the south. For twenty-five miles, or nearly to Plymouth, the 
valley is singularly straight, as is well seen from the summits of Lafay- 
ette and Cannon mountains, which rise at either side of its source ; or it 
forms a beautiful view from hills in Campion, with its fertile intervals and 
well tilled farms extending for several miles, beyond which, at the end of 
its long vista, are the serrated mountains cleft by the notch {vol. i, p. 551). 
Its entire length from Profile lake, Franconia, to Massachusetts line, is 
comparatively straight, forming a continuous line of depression, which is 
a principal feature in the topography of the state. The upper and lower 
portions of the river which occupies this valley are known by different 
names. For more than fifty miles from its source this river is called 
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Pemigewasset, and the name Merrimack is applied to it only £rom the 
confluence of the Winnipiseogee at Frankhn.* 

The modified drift of this valley in New Hampshire is illustrated by 
Plates IV and V ; these maps, like those of the Connecticut valley, show 
the extent of the intervals, terraces, and plains on both sides of the river, 
with their heights above the sea. The Pemigewasset river has a develop- 
ment of alluvium usually one half to one mile wide, which is bordered by 
high hills or mountains, forming a deep valley similar to that of Connecti- 
cut river along our western boundary. The modified drift of the Merri- 
mack is usually one to two miles wide ; its greatest development is in 
Concord, and in Litchfield and Merrimack, where it has a width of nearly 
four miles. The hills which border this part of the valley rise with com- 
paratively gentle slopes, and the lowest points of its eastern water-shed 
are only 350 to 650 feet above the sea, unlike the continuous belt of high- 
land which lies between this river and the Connecticut. After entering 
Massachusetts the Merrimack river turns east and north-east; and, with 
scanty deposits of modified drift, threads its way to the sea through a 
maze of hills which are composed of coarse glacial drift or till. Here the 
river has no connection with the principal questions in surface geology, 
which are quite different from those presented for study along its course 
in New Hampshire. 

On the Pemigewasset river we find modified drift first at J. Guernsey's, 
in Lincoln, five miles from Profile lake. Thence for two and a half miles 
southward this consists of coarse gravel, much water-worn, extending one 
sixth to one third of a mile in width on the west side of the river. The 
mountains extend quite to the river along this distance on its east side. 
This modified drift has an irregularly smoothed surface, sometimes im- 
perfectly terraced, with its outer margin at the north from 15 to 20, and 
at the south about 40 feet above the river. Its pebbles are from six 
inches to a foot and a half in diameter, and sometimes larger. Boulders 
also occur here and there, from three or four to ten feet in size. 

A large plain of similar gravel occurs east of Pemigewasset river, on 
the north side of East Branch, having a height of from 30 to 40 feet 
above the river. Material for this plain was brought both from the north 
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and east. Nearer to the river here we have a lower terrace only from 5 
to 10 feet above it. In the excavation of the gravel deposits, the river 
has sometimes left numerous and well marked terraces, though small in 
extent, and differing but little in height This is wel! shown near Tut- 
tle's, in Lincoln, where four distinct terraces are seen between the road 
and the river, with from 3 to 5 feet escarpments, the highest being about 
2D feet above the river. 

The height of terraces in this valley was determined by levelling only 
as far north as to the months of East Branch and Moosilauke brook, 
which enter the Pemigewasset, from opposite sides, at nearly the same 
point. The river here is 710 feet above the sea, or only 242 feet higher 
than at Plymouth, eighteen miles farther south. Profile lake, its source, 
nine miles to the north, is about 1,950 feet above the sea, by barometric 
measurement, showing a descent to this point of more than 1,200 feet.* 

The plains above the East Branch, not determined by the level, appear 
to be somewhat lower than the highest modified drift just south of this 
stream. This terrace has a height of 70 feet above the sea, and is ten 
feet higher on the west side. Thence for ten miles southward, or nearly 
to the south line of Thornton, the highest terrace of the river, commonly 
well shown on both sides, has a uniform continuous slope of 15 feet to 
the mile. This is nearly the same as the descent of the river, which 
has cut its way from 70 to 100 feet deep through its former wide, sloping 
flood-plain. These remnants, lying at corresponding heights on opposite 
sides of the river, and sloping with it in the regular lines of the upper 
terrace, are here very interesting, as seen extending for miles up and 
down the valley. Nowhere else in New Hampshire is the erosion of 
J, the modified drift, by which it 

has been shaped in terraces, so 
ft, clearly and convincingly display- 
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this distance, which lies through Woodstock and Thornton, we have 
two principal terraces, the higher being that just described, and the 
lower being wholly or in part overflowed by spring floods; but small 
intervening terraces are also of frequent occurrence. 

All the modified drift of this valley, for the first seven miles to Wood- 
stock village, is made up of gravel of different degrees of coarseness. 
Southward, banks and terraces of sand begin to appear; but gravel still 
predominates for a long distance below. The stream here frequently 
occupies a broad, shallow channel, paved with pebbles of all sizes to two 
feet in diameter, with little admixture of fine gravel or sand, which can 
accumulate only in deep or sheltered places. 

Karnes. In the south part of Thornton an interesting kame of coarse 
gravel is found on the west side of the river, between it and the highway. 
It extends north and south in a steep, sharp ridge about a fourth of a 
mUe, and is less distinctly traceable for nearly a mile. Its top is 90 feet 
above the river, or 650 above the sea. Less than a mile farther south 
the road turns to the west around the steep face of a high plateau of 
kame-like gravel, which contains abundant pebbles up to a foot and a 
half in diameter, This deposit is of considerable extent, with its south- 
east portion nearly level, 660 feet above the sea, or about 100 above the 
river, but towards the north-west it has a broken surface, which in some 
places is 10 feet higher. It is from 30 to 40 feet higher than the normal 
upper terrace, which extends, with its regular slope of 15 feet in a mile, 
to this point, beyond which it also continues clearly traceable to the 
south. This higher plateau and the kame, which it resembles in mate- 
rial, date before the formation of the continuous high flood-plain. We 
must refer the latter to a time when the valley had become free from ice, 
while the former seem to belong to the period of its melting, owing their 
shape, in isolated plain and steep ridge, to the presence of ice-walls be- 
tween which they were deposited. 

In Campton the Pemigewasset receives two considerable tributaries 
from the east, — Mad and Beebe rivers, — which drain basins on the north- 
west and south-east of the mountain range that culminates in Sandwich 
Dome. South from the latter stream the upper terrace, increased in 
height by afluvium from the tributary, forms a pine-covered plain a mile 
long and half a mile wide. These "pine plains," appearing in a few 
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places on the Pemigewasset and commonly along the Merrimack, we find 
to be one of the characteristic features of this valley. The modified drift 
of Campton occurs principally in the upper terrace, which has a normal 
height of 620 to 575 feet above the sea, or about 70 feet above the river, 
and in the interval or present flood-plain. At Livermore fails, near the 
south line of this township, the river passes through a deep, rocky gorge, 
with a natural fall of 22 feet. The foot of the falls is 483 feet above the 
sea. 

In Plymouth and Holdemess both the upper terrace and interval are 
finely shown ; and the extent of the alluvial area, at one point a mile and 
a half wide, is greater than at any other place on Pemigewasset river, A 
beautiful interval extends for three miles below the mouth of Baker's 
river ; at the north, mainly on the east, and at the south, on the west side. 
The broad, high plain belongs to Holderness, being on the east side. 

Baker's River. A wide area of modified drift also lies along Baker's 
river below Rumney. For most of the way it is widest on the north side, 
reaching hack at the widest place to Loon pond, a mile from the river. 
This likewise occurs in two heights, terrace-plain and interval, the former 
40 to 50 feet above the river. The railroad extends over this alluvium 
nearly six miles in a single straight line. 

The upper terrace, in Holderness, Ashland, and in the north part of 
Bridgewater, is 570 to 560 feet above the sea, or 100 above the river. 
Thence in six miles to New Hampton village it descends to 510 feet, or 
72 above the river. It is best shown along this whole distance on the 
east side. There is almost always one lower terrace, and sometime sev- 
eral; but we find only smalt areas that are overflowed south from the 
large interval of Plymouth. Deltas higher than the normal upper terrace 
occur at two places near the north liae of Bristol, and at the villages of 
Ashland and New Hampton. Spectacle pond, in the edge of Meredith, 
probably has its outlet by a subterranean channel, which extends un- 
der gravel and sand a mile to the west, appearing near the east edge of 
New Hampton village in several springs. The largest of these supplies 
a stream of very cold water two or three feet wide and a foot deep. 
Gravel ridges or kames bordering the Pemigewasset were seen in Ash- 
land half a mile above the mouth of Squam river, and in Bridgewater at 
Eastman's falls, four miles farther south. No other deposits of this kind 
were observed between the townships of Thornton and Franklin. 
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Dunes in Merrimack Valley. 

In the north part of New Hampton, and in many places for thirty miles 
southward to the north line of Concord, we find numerous dunes or sand- 
drifts lying at various heights on the east side of the valley, up to 300 
feet above the highest terraces. Near their beginning, two miles south 
of Ashland, these dunes appear in large amount, and reach their greatest 
height. Here the sand-drifts, one to iive feet deep, are strewn in a path- 
way 10 to 20 rods wide, which extends a fourth of a mile along the hill- 
side, with a north-west to south-east course, rising 300 feet above the 
ordinary modified drift, or to a height of about 825 feet above the sea. 
These dunes of the Merrimack valley, like those along Connecticut river, 
occur only on the east side, consist wholly of fine sand, and lie in trains 
which ascend from the highest terrace in a south-east direction along 
the hillside. All these characteristics indicate their origin, through trans- 
portation by the prevailing north-westerly winds from the plains below, 
probably at the period when these had their greatest extent, prior to their 
excavation by the river, and, we may presume, before the appearance of 
a forest. They are usually made conspicuous at the present time, by 
being blown in drifts which are so constantly changing that they give 
no foothold to vegetation; but when they occur at considerable heights, 
we generally find the lower portion of the series grassed over, making 
the upper drifts appear isolated on the hillside. This is the case at the 
locality described in New Hampton. The upper part of this series, ex- 
tending an eighth of a mile, is still in motion, and has been gullied and 
channelled by the wind often 3 to 6 feet deep over spaces 50 to 100 feet 




—Section in Bridgewater and New Hampton. 
Lengtli, ii miles. 

long, and carried forward, probably some portions 300 feet ahead and 50 
feet higher, within fifty years. The whole train of sand-drifts at this 
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place is equal, by estimate, to a mass i,ooo feet long, 50 wide, and 2 feet 
deep, thus containing 100,000 cubic feet, or 5,000 tons, which have been 
raised by the wind an average height of 150 feet. 

Another very good illustration of this transporting power of the wind 
is found in Sanbornton, a mile south-east from Hill, on a hillside which 
reaches a height 400 feet above the river, or 700 above the sea. Here 
the ancient dunes, as in New Hampton, have been swept forward anew 
since the land was cleared. The sand from a hollow 1 50 feet long, 40 
wide, and 2 to 5 feet deep has been carried in long north-west to south- 
east drifts 200 to 400 feet farther, and 25 to 30 feet higher up the hill. 
The depth of recent excavation is shown by a large stump which has 
been thus undermined. The highest of these dunes have now reached 
the crest of the hill, covering the originally naked ledges; but they 
will not stop here, and at length may be found far beyond in the hollow 
on the east side of this first hill range. 

Through Franklin and Northfield these dunes are numerous, occurring 
from 100 to 300 feet above the upper terrace of the valley, having their 
greatest altitude, 700 feet above the sea, a mile and a half north of North- 
field depot. They are generally found, however, within 100 feet of the 
highest terrace : at such height they are well shown within a mile north 
and south from Franklin Falls, near Northfield depot, and in great abun- 
dance, extending more than a mile on the north and west sides of Hart 
hill. In the next five miles no dunes were observed, but they appear 
again at a similar elevation for a mile in the south part of Canterbury. 

The instances of dunes found southward along the Merrimack are soon 
enumerated. They have a height of 70 feet, by estimate, above the high- 
est terrace in Pembroke, on the west side of the village street, where they 
are covered with grass ; they reach about the same height in London- 
derry, two miles south-east from Goff's Falls, where they appear in large 
amount, forming irregular mounds and ridges ; and at a few points in 
Litchfield and Hudson we find on the high pJain, and scarcely raised 
above it, similar areas of barren, wind-blown sand. 

From New Hampton to Bristol the river flows westerly, almost at right 
angles with its general direction, descending by a nearly continuous slope 
86 feet in the four miles, which are the most rapid portion of its course 
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south of the East Branch. The same rapids continue a mile or two be- 
low Bristol, so that the total descent in six miles from New Hampton 
bridge to the mouth of Smith's river is 1 18 feet, or from 438 to 320 feet 
above the sea. The westerly course of the Pemigewasset here corre- 
sponds to that of Connecticut river along Fifteen-miles falls. These are 
the only considerable deviations of these rivers from their general direc- 
tion in the state ; both portions are of rapid descent over till ; they are 
alike bordered by sloping hills; and both differ from all the rest of these 
valleys in being well-nigh destitute of modified drift. Remnants of the 
original high flood-plain, now forming the normal upper terrace, traceable 
on both sides nearly all the way from the East Branch to Massachusetts 
line, appear to occur in the highest of two terraces at the mouth of Ten- 
mile brook ; in a small, gently sloping plain about midway between New 
Hampton and Bristol; and in a similar area east of the highway a short 
distance north of Bristol. All these are on the north side of the river, 
and are from 510 to 500 feet above the sea. At several places along 
these rapids it appears probable that the channel has been cut through a 
considerable depth of till. 

Bristol village is built almost wholly on till or ledge. Below Main 
Street bridge the fall in Newfound river is 105 feet, and its total fall from 
Newfound lake is 238 feet, the lake being 590 feet above the sea. The 
usual display of terraces again commences opposite Bristol, and thence 
the alluvial area extends, with the river, unbroken through the state. 

At the mouth of Smith's river the highest terrace, 460 feet above the 
sea, is wide for a mile to the north, and extends in a narrow strip for the 
same distance to the south. Thence southward to Franklin we find re- 
mains of the same, principally on the east side, from 480 to 440 feet above 
the sea. In the south part of Sanbornton they form an extensive plain, 
47S feet above the sea, probably slightly increased in height by the tribu- 
tary alluvium of Salmon brook, which has cut a channel along its south- 
east side. From this plain a wide terrace {from 475 to 440 feet) extends 
south on the east side to Franklin, where the normal upper terrace is 
again shown on both sides of the valley, forming on the west the high 
sandy plain, 445 feet above the sea, which extends a mile north-west to 
Webster lake. 

Lower terraces are numerous on both sides for a mile below Smith's 
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river, the lowest being interval. West of Hill village an expanse three 
fourths of a mile long and a half mile wide is divided, by escarpments ij 
and 20 feet in height, into three distinct terraces, the highest of which is 
410 feet above the sea. A small terrace, 80 feet higher, is found on its 
west side. The highest terraces west of the river, well shown much of 
the way between Hill and Franklin, are from 40 to 60 feet below those 
on the east. This difference seems to be due to a deficiency in the 
amount of material supplied, the deposition being influenced by the cur- 
rent, and attaining its full height only on one side. 

Karnes. A short gravel ridge, projecting five feet above the plain of 
which it forms the border, and containing pebbles six inches in diameter, 
was seen in the north part of Franklin, on the west side of the road at 
one mile south from Hill village. Another gravel ridge, about 3o rods 
long and 35 feet above the plain on the west edge of which it occurs, was 
seen in Sanbornton near the river, a mile and a quarter south-east from 
the last. Both these short ridges are of typical kame gravel; they lie 
nearly in the middle of the valley, and their heights are about the same, 
the northern being 385 and the southern 365 feet above the sea. It is 
not improbable that these are remnants of a formerly continuous kame. 

This coarse gravel was next observed at a railroad cut on Bristol 
Branch, one mile above Franklin depot; an excavation of it may be seen 
in Franklin village, just north of Webster brook, at the west side of the 
street ; and it is again exposed in the same way a short distance south of 
the depot. It also forms a ridge, nearly covered by the fine alluvium of 
the upper terrace, on the east side of the river, one fourth of a mile above 
the bridge. Southward in this town kames were noted at two places on 
the west side. 

At Boscawen village portions of a well marked kame form the escarp- 
ment of the plain, which has about the same height, near the north end 
of the street and south from the road to the bridge. One mile farther 
south we find between the highway and the railroad a ridge several hun- 
dred feet long, the north part of which is composed of coarse water-worn 
gravel, while its southern portion seems to be unmodified till. 

The ancient highest flood-plain of the Merrimack from Franklin to 
Massachusetts line is everywhere well shown by the conspicuous upper 
terraces. Along much of the way these expand on one or both sides into 
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wicie, sandy "pine plains," so called because their principal wood-growth 
consists of white or pitch pines. These are sometimes accompanied by a 
thick and tangled undergrowth of scrub oaks, which, with the pitch pine, 
flourish best on the barren plains. Their surface is very level, with a 
regular but very slight slope, which amounts to nearly the same as the 
descent of the river. In some places this may be finely seen, as at Con- 
cord, where a level set at the same height with the plain on the east side 
commands a view of its edge for three miles along the river, in which dis- 
tance it is seen to slope only a few feet, with no undulation to break its 
straight line. 

It is worthy of notice, that in this entire valley, including Femigewas- 
set river, no hnportant deltas are found. This is in remarkable contrast 
with the Connecticut valley, where the regular line of the river's highest 
alluvium is hardly traceable, or is less readily seen much of the way, be- 
' cause of the extensive higher deposits of tributary streams. In this valley 
such deposits have helped to fill extensive areas, as in Concord, for which 
it would seem that otherwise the supply must have been deficient, and 
sometimes they slightly increase the height of the upper terrace, but in 
no place do they form, as on the Connecticut, frequent and well marked 
terraces above this normal line. The Merrimack valley is wider than 
that of the Connecticut, giving room for its ample plains ; and its sides 
slope more gently, forming lower ranges of hills. Its tributaries partake 
of the same character, and also have a less rapid descent than in the Con- 
necticut basin, allowing the deposition of large amounts of alluvium along 
their course, as on Baker's, Contoocook, and Suncook rivers. The modi- 
fied drift of the Merrimack is rendered more simple, but not less instruc- 
tive, by being free from the confusion of associated tributary deposits. 

At Franklin the upper terrace is well shown upon both sides of the 
valley. It has considerable fall in a short distance here, being 445 and 
440 feet above the sea at the north side of Webster brook and Winnipi- 
seogee river, and descending in less than a mile to 430 and 420 feet at 
their south sides. The mouth of Winnipiseogee river is 269 feet above 
the sea, the Pemigcwasset having descended nearly 30 feet in its last 
mile, so that the upper terrace here has a height 150 to 175 feet above 
the river. The highest alluvium for eight miles northward, extending 
through Sanbornton and including the large plain north of Salmon brook, 
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has an equal elevation above the river, which is greater than in any other 
portion of this valley. In the next nine miles below Franklin the upper 
terrace falls to a height of 125 feet above the river, which continues for 
more than 20 miles to the north part of Manchester, the highest terrace 
seeming to descend most rapidly near the present falls of the river, so 
that a nearly uniform height above the river is maintained. 

Opposite the Webster place, two and a half miles below Franklin, this 
high terrace presents a quite remarkable form. Its base is washed by 
the river, which here sweeps eastward, leaving a fertile low terrace of 
large extent on its west side. Ascending from the river to the east we 
have first the steep escarpment, more than 1 50 feet high, the top of which 
has nearly the normal height of the upper terrace ; but this, without any 
level space as usual, is succeeded by a sloping surface of sand, which ex- 
tends to the road, and rises about 1 20 feet in less than a fourth of a mile, 
appearing in all except its slope like an ordinary terrace. Very high ■ 
sand-dunes occur on the hill south-east, and it seems probable that this 
unusual slope, rising more than 100 feet above the normal height of this 
terrace, was heaped above it by the north-west wind, soon after the time 
of its deposition. A similar sloping surface of the upper terrace, but 
much less in amount, is also seen for a mile or more north and south, 
and at many other points along the river. Between one and two miles 
farther south we find the greatest profusion of dunes observed in New 
Hampshire, the highest of which, however, do not exceed 250 feet above 
the river. 

In Canterbury the upper terrace spreads out into plains, which are at 
some places a mile wide. The Boston, Concord & Montreal Railroad 
through the town is upon these high plains, while the Northern Railroad, 
in Boscawen and Concord, lies on the lowest terrace, being embanked 
much of the way to raise it above the high floods of spring. The plains of 
the south part of Canterbury, extending one mile into Concord, show an 
unusually rapid continuous slope, amounting to 80 feet in four miles, or 
from 130 to only 50 feet above the river, which is here 250 feet above 
the sea. The north end of this slope appears to be at the normal height, 
representing the level of the river at the time of deposition of these 
plains, while the terrace of Boscawen village, on the opposite side of the 
river, is 40 feet lower. The south end of this slope is about 70 feet 



Hosted by 



Goosle 



MODIFIED DRIFT ALONG MERRIMACK RIVER. 



79 



below this normal line, which is here shown on the west side in the plains 
north and south of Fisherville. 

Boscawen village is built on the south end of a similarly sloping terrace 
three miles long, in which distance it falls 30 feet, and we find 30 feet 
more fall of the same terrace in less than a mile along the village street. 
The whole of this terrace is below the normal height, showing a defi- 
ciency of IS feet at its beginning, and of 40 feet at the north end of Bos- 
cawen village. It appears as if the supply of alluvium was insufficient, 
and the direction of the current at first caused it 
to be deposited in greatest amount at one side, 
without filling the valley. South of Boscawen the 
supply of material became still more inadequate, 
and the lower portion of the sloping plains east ^- ; 
of the river was probably 60 feet below the surface ^ ; 
of water, which was held back by the extensive ^1^ 
plains of Concord, derived in large part from the q 
Contoocook and Soucook valleys. § 

Although the plains in Concord were obviously z 
brought in from tributary sources, they belong to g 
the ancient flood-plains of the Merrimack, since g 
they form a portion of the series of high terraces ' 
and plains which extends with a slightly varying ^ \ 
but unbroken slope along this whole valley. Even ^ Jl 
if no modified drift were supplied, except from the '-, 
upper part of the main valley, irregularities of |; Js! 
slope, as in Boscawen and Canterbury, with in- ■ 
creased height below, as in Concord, would still 
be produced by an irregular rate of retreat of the 
ice-sheet, allowing long and abundant deposition 
in some portions, but much less in other portions 
of the same valley. In this way we must explain | g 
the sudden and permanent increase in height of P' 
the upper terrace of Connecticut river at North Thetford (p. 36). Prob- 
ably this cause was combined with the aid of tributaries to produce the 
high plains in Concord and southward. 
Between Fisherville and West Concord these plains have a large 
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extent, lying on the south side of Contoocoolc river. Their northern and 
western portions are 125 feet above the Merrimack river at the head of 
Sewall's falls, but they become slightly lower at the south. The mouth 
of Contoocook river is 349 feet above the sea. Its descent through Fish- 
erville, in the last mile and a ha!f of its course, exceeds 100 feet. By the 
Borough dam, at the head of these falls, this river is held level to Con- 
toocookville in Hopkinton, six miles in a direct line. Along this distance 
and beyond we find extensive alluvial areas at small elevation above the 
river, continuous with these plains in the Merrimack valley. A descrip- 
tion of the modified drift of Contoocook river will be hereafter presented. 

The most extensive plains in Concord, and indeed in this entire valley, 
He on the east side of the Merrimack between it and the Soucook river. 
They extend along Merrimack river six miles, from above East Concord 
to the mouth of the Soucook, Their area of greatest width, which ex- 
ceeds two miles, is opposite the city, being known as the "Dark plains." 
The channel which has been excavated by Soucook river is very crooked, 
lying at first along their east edge, but at three mi!es from its mouth 
deviating towards the middle of the plains, and again returning eastward 
and southward. This excavation is jo to 125 feet in depth, with areas of 
low terrace at its bottom bordering the river. The greater part of this 
large expanse of plain is very level, with occasional gullies, but with 
scarcely any undulations rising above the general surface. Its slope, in 
nearly four miles from its north-west limit to opposite the south part of 
the city, is only 10 feet, with a height 130 to 120 feet above the river, or 
the same above the river as the plains north and south of Fisherville, 
their difference in absolute height being equal to the descent of the river 
at Sewall's falls. Farther south the slope of the plain becomes more 
rapid, descending 50 to 75 feet in about two miles, the highest portions 
at the south end being about lOO feet above the mouth of Soucook river, 
which is 199 feet above the sea. The total descent of the Merrimack in 
Concord is thus 50 feet, of which 20 feet are at Sewall's falls, four 
miles above the city, 5 feet at rapids a short distance above the mouth 
of Turkey river, and 20 feet at Garvin's falls, three fourths of a mile 
below. 

In Boscawen and Canterbury, and through Concord, the lowest terrace 
for 12 miles occupies a wide area, of which a large part is overflowed by 
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the high water of spring, forming the only extensive intervals on this 
river south of Plymouth. These are from a half mile to one mile wide, 
their fertility being in marked contrast with the barrenness of the 
"pine plains," A fine view may be obtained in Canterbury and Concord 
from the edge of these plains, whose high bluffs descend abruptly a hun- 
dred feet, overlooking the level bottom-lands and the windings of the 
river for miles north and south. In other parts of its course the river is 
confined between terraces, which prevent an irregular route. Its mean- 
dering course here was signified by the aboriginal name Penacook, or 
crooked place, which was applied to the south part of this territory. 

Ancient river-beds are indicated at many places by shallow ponds, 
which lie in long and frequently curved depressions of the interval, often 
near the foot of the higher terraces, and but slightly elevated above the 
river. One of these is seen on the east side of the railroad, a mile south 
of Boscawen depot ; one lies on each side of the river just south of Sugar 
Ball bluff, near Concord ; and others occur east of the south part of the 
city; but the largest and most interesting is Horseshoe pond, at the 
north end of the city, which is shaped like a crescent, being a half mile 
long, nearly as wide as the present channel, and six feet above the ordi- 
nary height of the river. This pond is crossed by the Northern Railroad. 
Its middle portion lies at the foot of a higher terrace, against which 
the river once swept its full current. The nearest point of the present 
channel is a half mile distant at the north, where the river bends and 
now directs its current against Sugar Ball bluff, a mile and a half north- 
east from Horseshoe pond. The date of these changes cannot be stated, 
except that it was before the first settlement here, 150 years ago. 

Recent Changes of Merrimack River in Concord. 

Dr. William Prescott, of Concord, in 1853 collected dates and measure- 
ments of many remarkable changes in the channel of Merrimack river 
which had taken place since a careful survey of this portion was first 
made in 1804.* From this record it appears that below Federal bridge, 

»C<iUiclianii!fN.H.HhlsrUalSixiili.-a\.m. At ihe lime of publication of ihis volume, in 1863, » state- 
ment was added dssciibinE suhssquent changes 10 that date. 
In the sanis volume is aUo found a valuable address on " The Valley of Merrimack," by Joseph B, Walker, 
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near East Concord, the river has changed its entire width from south- 
west to north-east, and a third of a mile to the east it has changed more 
than its width in an opposite direction. On the east side of the "Fan" 
or broad interval opposite the north part of the city, the river flowed in 
1804 by a very circuitous route 460 rods, which was shortened to ijo 
rods by great freshets in 1826, 1828, and 1831, which cut a direct course 
across two peninsulas then known as Sugar Ball point and Hale's point. 
Ponds already mentioned occupy portions of the'old channel. Ten years 
later, Dr. Prescott reported the rapid undermining of Sugar Ball bluff, 125 
feet high, of which the river had carried away, between 1853 and 1863, a 
mass 80 rods long and 40 rods wide. This erosion is still going forward, 
being aided by springs near the foot of the bluff. At Davis's bluff, about 
a mile south, a width of three rods was swept off in 1863 in three days. 
Erosion at this point has continued thirty years, requiring a dweUing near 
-the edge of the bluff to be several times moved, and the road changed. 

The same undermining of the high plains by the river is also going on 
at several places north and south of Fisherville, One mile south-east 
from Boscawen bridge, the plain, no feet above the river, is fast wear- 
ing away, and portions of it 10 feet wide and 150 feet long had fallen 
in 187s 10, 20, and 40 feet, remaining nearly level, so that their sapling 
pines, ID to 30 feet high, were still upright and growing on the side of 
the steep sand-bluff. These would be carried away, to be followed by 
new slides during the next high flood. One mile farther south, and at 
other points below Fisherville, a similar rapid erosion was observed. A 
quarter of a mile north-east from Fisherville bridge, a bluff, which has 
been so recently undermined that it is not yet grassed, is now separated 
from the river by a wide area which does not exceed five feet above the 
ordinary height of water. These recent incursions of the river upon the 
plains, and the rapid changes in its channel upon the intervals, washing 
away yearly from one bank and adding to the side opposite, leave no 
doubt that the river has flowed at the foot of the bluffs along their whole 
extent, occasionally making a deep excavation beyond its ordinary bounds, 
as on the east side south of Sugar Ball bluff; that the high plain once 
filled the whole valley; and that the river has swept many times from 
side to side over the space occupied by its lower terraces and interval. 

Important changes in the channel of the Merrimack have also been 
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made artificially in Concord. One mile south of Fisherville depot the 
course of the river was formerly in a westerly curve, passing around 
Goodwin's point, two thirds of a mile from its direct course. At the 
west end of this detour it was fast undermining a long line of bluff 125 
feet in height. When the Northern Railroad was built, in 1846, the river 
was turned, to avoid bridging, into a new channel, by which its course 
was made straight, being shortened fully a mile. Its old channel remains 
filled with water, except at its south-west bend, which is nearly silted 
across ; and the erosion of the bluff at times of freshet is greatly dimin- 
ished. Farther south, at about three miles above the city, the river 
flowed in two channels, of which the west one was largest, enclosing 
Sewall's island. The railroad was built across this island, reaching and 
leaving it by embankments instead of bridges, for which purpose the 
west channel was dammed, when the river is said by Dr. Prescott to 
have swept away, to widen its east channel, a width of 20 to 25 rods of 
its bordering interval for two thirds of a mile. 

Dr. Prescott mentions that, in cutting the new channel across the base 
of Goodwin's point, "the workmen, at the depth of about 12 feet, struck 
upon a bed or stratum of vegetable matter, consisting of leaves, branches, 
and trunks of small trees, the latter from three to six inches in diameter, 
the form of which was perfect, and the bark distinct. This vegetable 
deposit was found embedded in a stratum of fine blue sand, which at first 
sight was mistaken for blue clay, and was from one to three inches in 
thickness. The trunks and large branches were recognized as belonging 
to the natural order conifene." He also describes, from an excavation 
at the gas-works in Concord, supposed "fragments of the roots, trunks, 
and branches of trees. They were found deposited in a stratum of fer- 
ruginous sand (composed of sand and oxide of iron) ; and in some in- 
stances the fragments of roots and branches of trees were completely 
incased in a firm coating or crust of the oxide of iron and sand from one 
eighth to one half an inch in thickness." This was at a depth of ten feet. 
It appears probable that these were cylindrical concretions of oxide of 
iron, which often show concentric rings, almost exactly imitating the 
annual layers of wood. These were found abundantly in the excavation 
for laying the water-works main, in 1873, near the south line of the city 
farm, and may be occasionally met with in any alluvial sand. 
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Between West Concord and the city the upper terrace is from lo to 30 
feet lower than on the east side of the river. The greater part of the 
city, and a large area southward to Turkey river, are slightly lower, being 
about 300 feet above the sea, or 75 above the river. In the west part of 
the citytbe modified drift, composed of sand or fine gravel, rises unter- 
raced into irregularly sloping hills, the highest of which, crossed by 
Church and School streets, are 26j feet above the sea, being higher than 
the plains of the east side. 

Karnes in Merrimack Valley. 

Interesting kames are found at Concord, where they form the uneven 
cast part of Blossom Hill cemetery, and extend south in a nearly continu- 
ous series, composed of irregular, short, low ridges and mounds, always 
with north to south trend, to the intersection of Franklin and High 
streets, and thence on the same course to Centre street. The south por- 
tion of this series is a single steep ridge, from 25 to 40 feet high, called 
"Whale's Back," which originally extended a quarter o£ a mile from near 
the corner of Centre and Pine streets to that of Warren and Liberty 
streets. The north half of this has been used by the city in making and 
repairing streets; for which this gravel, when screened to remove its 
coarse pebbles, forms an excellent surface, and ultimately the whole ridge 
will thus be removed. The material of "Whale's Back" is mainly very 
coarse gravel, containing abundant pebbles up to one foot, while the larg- 
est reach two or three feet in diameter. These are always well rounded, 
having the characteristic water-worn form, — not that of glaciated boulders, 
which are distinguished by flattened, striated sides, with rounded corners 
and edges. This water-worn gravel lies in a steep, narrow ridge, a sec- 
tion of which usually shows an indistinct anticlinal bedding. The round- 
ed boulders, pebbles, and fine gravel are almost indiscriminately mingled 
through the whole mass, often with very scanty streaks of sand or other 
lines of stratification. 

This series of kames lies at the west margin of the wide alluvial area, 
resting upon till 100 to 1 25 feet above the river. Its extent is a mile and 
a half, having the same course with the valley. No kame-like deposits 
were discovered along the east side of the river in Concord, the whole 
mass of the plains being fine alluvium. Similar ridges were next found 
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just below the mouth of Soucook river, exposed by railroad excavation on 
both sides of the Merrimack, The kame here cut through by this river 
is a portion of a series which extends twenty miles from Loudon to Man- 
chester. 

In materials, arrangement, and stratification this principal line of kames 
in central New Hampshire is like the short series just described, but un- 
like the long single kame of the Connecticut valley. The greater part of 
these kames is of very coarse, water-worn gravel, with pebbles six inches 
to two feet in diameter, disposed in irregular ridges from 40 to icx> feet 
in height, of southerly trend parallel with the valley, a section of which 
usually shows an indistinct stratification. This, however, varies occasion- 
ally to coarse angular materials, mainly consisting of unworn rock-frag- 
ments up to four or five feet in size, with no evidence of water action. 
A mile south of the Pinnacle in Hooksett a gradual transition is seen 
from water-worn gravel to this morainic material, which continues about 
a sixth of a mile and then changes back to modified drift, the whole form- 
ing a continuous ridge. Other portions of these kames contain consider- 
able amounts of sand or fine gravel, alternating in irregular layers with 
the common coarse gravel, thus showing very well marked stratification, 
which is always inclined, being usually anticlinal or arched in the section 
of a ridge. 

This Merrimack series differs notably from that of the Connecticut in 
being frequently composed of several ridges, nearly parallel to each other, 
with long irregular hollows between them which sometimes contain ponds. 
About half is thus made up of two or more parallel ridges, while the other 
half, in separate portions of a mile or two each, consists of a single ridge. 
Upon the Soucook river these kames are repeatedly cut through by its 
present channel, as also near its mouth by the Merrimack, but in the 
fourteen miles farther south they lie wholly on the west side of the 
Merrimack, often near the edge of its alluvial area. 

The north end of this series has not been fully examined. Its first 
appearance noted is on Pine brook, half a mile west of Loudon village, 
where north-west to south-east ridges of coarse gravel occur. They were 
also seen on the south-west side of Soucook river, near the first bridge 
below this village ; thence they probably occur near the river southward, 
but have not been explored for the next mile and a half, to near Richard- 
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son's mill in Concord. For a fourth of a mile north from this mill, and five 
and a half miles southward along the Soucook to its mouth, these ridges 
have been carefully traced, and are found well developed, rising 40 to 100 
feet above the river, and nearly continuous, sometimes single, and again 
two or three parallel and of equal height. These kames, for the first three 
miles, lie close to the river, almost wholly on its west side. The material 
is prevailingly very coarse, but for the most part plainly water-worn, with 
the largest pebbles or rounded boulders two or three feet in diameter, 
and it occurs in steep, narrow ridges 40 to 75 feet high. The river above 
Richardson's mill is 307 feet above the sea ; hence these kames do not 
exceed 400, and those west of Loudon are probably about 450 feet above 
the sea. 

At Clough's mill, three miles above its mouth, the Soucook departs 
from its general course, crossing the line of kames, and turning with a 
right angle one mile to the west. Below this point the river does not 
follow, as before, the eastern border of the plain ; but we find that the 
kames continue in a nearly straight course close to this east boundary. 
For a mile and a half from Clough's mill the kame lies on the east side 
of the road. In the first half mile of this distance we find a single steep, 
narrow ridge of coarse, water-worn gravel, 20 to 40 feet above the adjoin- 
ing plain. Sections of this ridge are exposed by the river at Clough's 
mill, and by a cut across it for a new road at a short distance south. In 
the next mile we find the same coarse gravel, lying partly in the form of 
a ridge, but not so prominently, and partly in a somewhat irregular ter- 

One mile above the mouth of the Soucook, where it comes near the 
highway, a distinct grave! ridge occurs on its east side ; and on its oppo- 
site side we have two parallel ridges, separated by a hollow, but with the 
top of the west one the same in height with Ihe adjoining plain. The 
largest pebbles seen in this ridge were one foot in diameter. Thence 
for nearly a half mile no kames are found ; but after passing the lowest 
bridge on this river they are well shown on its east side to the railroad 
near its mouth, forming a broad ridge of gravel, with pebbles up to a 
foot and a half in diameter. The direction of this ridge points to the 
continuation of the series on the opposite side of Merrimack river, 

A fine section of the kame has been exposed by excavation for the rail- 



Hosted by 



Goosle 



MODIFIED DRIFT ALONG MERRIMACK KIVER. 87 

road at the point where it reappears in Bow, one fourth of a mile north of 
Robinson's station. Here the water-worn gravel, containing none but 
rounded pebbles, the largest of which are two or three feet in diameter, 
forms a well defined, anticlinally stratified ridge about 40 feet high, which 
is entirely overlaid by the later sand deposit of the ordinary terrace. 




F g 20 —Sect on of Kame overlaid by Sand i M le north of 
Robinson s Station Scale n h^i^jo fee 

Thence the series extends for a mile in a single ridge, which is partially 
and at some points wholly covered by the fine alUivium. In the next 
mile we have two ridges nearly parallel, but somewhat irregular in course 
and in height. The intervening hollow contains a small pond. These 
ridges form the east border of wide plains, which have nearly the same 
height with the kames. The sand of the plains is shown to be the most 
recent deposit by its superposition. It appears that, after the gravel 
ridges had been formed, great amounts of sand were swept into the val- 
leys; but spaces nearly enclosed between parallel ridges were often pro- 
tected from this deposition. In the subseqiient excavation of a large 
portion of this sand by the river, producing the lower terraces and its 
present channel, these coarse ridges have been a barrier protecting the 
plains on their west side. Opposite the mouth of Suncook river, the 
eastern of the two ridges lies on the south-east side of a small brook; — 
here we again found for a few hundred feet numerous angular rock-frag- 
ments, of dimensions from one to two and a half feet, while other por- 
tions, so far as seen, were of water-worn but often very coarse gravel. A 
short distance farther south the series is suddenly interrupted, and its 
direct course is occupied by a high, ledgy hill. An irregular high terrace 
of gravel and sand on its east and south-east sides may represent the 
kame. After a mile the series reappears in its characteristic ridges, and 
continues five miles quite irregularly and of varying material, but plainly 
one connected series to its next gap, which begins opposite Martin's 
Ferry. 



Hosted by 



Goosle 



88 SURFACE GEOLOGY, 

In Hooksett the kames are well shown for a mile north from Pinnacle 
pond. Several small ponds lie in the irregular hollows at the sides of 
these ridges. A well marked kame forms the east border of the high 
terrace west of Hooksett village and north-east from the Pinnacle, di- 
rectly east of which it could not be traced, but it reappears in a ridge 
on the south side of the road south-east of this quartz peak, thence turn- 
ing south-west towards the principal range of these kames, the direction 
of which seems to lie from north to south across Pinnacle pond. The 
locality of greatest irregularity in respect to shortness of ridges, inequality 
in height, variable course, and diverse material, found in this whole series, 
is the first half mile south from this pond. The scale of the map, how- 
ever, does not permit details to be shown. A deep, winding hollow 
extends along the west side of the main ridge from within one fourth of 
a mile of the pond to a junction with the valley of a small brook nearly 
a mile south. A considerable portion of this hollow seems to be due to 
excavation ; and for the next mile southward, where a single nearly 
straight ridge parallel with this brook constitutes all that we have of the 
series, the plain, which is 30 to 40 feet above the top o£ the ridge, has 
been so washed away that a wide hollow has been formed at both sides. 
Here the plain is sand or ordinary gravel, but the kame is mainly com- 
posed of the very coarse, water-worn gravel, which forms the principal 
portion of this series. This, however, is here found changing into coarse 
unmodified material, in which angular boulders, mostly of gneiss or gran- 
ite, two to five feet in their dimensions, occur almost as closely packed 
together as possible, with the gravel of the interspaces unmodified by the 
wearing of water. This forms a well defined narrow ridge, 25 to 40 feet 
high, ivhich continues a sixth of a mile, or perhaps more, when it changes 
again to materials rounded and sorted by water, and wears the usual 
aspect of these kames. 

Next below this long single ridge the brook finds a passage to the 
river; and a very remarkable assemblage of kames, partly water-worn 
and partly angular, succeeds, covering an area half a mile long and one 
fourth of a mile wide, with short parallel or irregular ridges, most of 
which trend from north to south. These ridges are nearly level-topped, 
with intervening hollows at the north 30 to 40 feet deep. Near the mid- 
■ die of the area a deep hollow runs transversely across the course of the 
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kames from west to east. South from this the space between the ridges 
has been mainly filled with alluvium, forming a plain upon which the 
position of the kames is easily traced by their lines of coarse gravel. 
Occasional boulders, apparently brought by floating ice. He on the sur- 
face of this plain. One of white quartz, six feet long, has thus travelled 
more than two miles from its parent ledge, which was probably the Pin- 
nacle. 

The course of the karaes now turns eastward and then westward at 
the end of a mile, conforming to a bend in the valley. At the north this 
curve consists of a single low ridge, which is in large part composed of 
angular rocks up to one or two feet in size, lying between the road and 
the river. Where it turns to the south-west, opposite Martin's Ferry, we 
have a broad gravel hill, in which also many of the stones are angular, 
while other portions are water-worn. Thence for two miles southward 
the kames have been wholly carried away by the river, which has its 
channel directly in the line of their course. 

On the east side of the river this series may he represented in the high 
plain one mile north of Martin's Ferry, which has irregular ridges and 
hollows, and is composed of grave] with pebbles six inches to one foot 
in diameter; but a large area of similar gravel, extending thence to the 
north-east, seems to be clearly a tributary deposit. An undoubted rem- 
nant of the series occurs half a mile south from this station, in a coarse 
gravel deposit, showing oblique and irregular stratification, which has 
been excavated for railroad ballast. Occasional angular boulders, three 
to six feet in size, which must have been brought by floating ice, were 
noticed in the same terrace. 

In Manchester a fine display of these kames begins at the west side 
of the river road, a mile and a half above Amoskeag bridge, and their 
greatest development in the whole series is thence south-west to Piscata- 
quog river, where they cover an area two miles long by one fourth to 
half a mile wide, closely adhering to the west side of the widened valley. , 
We find here as many ridges as can well occupy this space, all lying in 
the same course, which is that of the series, and having a comparatively 
uniform height. Some of them probably extend almost the entire length 
of this area, while others are short or broken by gaps. Their material ia 
principally water-worn gravel, sometimes as fine as prevails in the Con- 
voL, III. 12 
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necticut kamo, and interstratified with sand, but more commonly very 
coarse, as is characteristic of this series. Other portions are unmodified, 
containing angular stones ; and large boulders are occasionally found. 
Three long hollows, varying from 30 to jo feet in depth, one being wholly 
enclosed, lie between these kames for a half mile at their north end, be- 
yond which the hollows have been filled with fiae alluvium, producing 
a nearly level plain. Southward, many irregular long hollows are found, 
one of which contains a pond. An ancient channel, occupied by the 
whole or a part of the Merrimack when it first began to excavate its 
highest plain, extends along the south-east side of this area of kames. 
Rock Rimmon lies a quarter of a mile farther south-east, and the exten- 
sive plain around it is destitute of kames. 

This series makes almost a right angle where it is crossed by the Pis- 
cataquog river, nearly two miles above its mouth, and turns south-east 
for a mile, consisting of a single ridge of water-worn gravel, which hes 
near and parallel to the river. It is well exposed at this angle by excava- 
tion for the Manchester & North Weare Railroad a short distance west 
of its bridge. An exploration of the Piscataqiiog valley for two miles 
farther west showed high and low terraces of fine alluvium, but no kame- 
like deposits. The south-east course of the kame with this river would 
have led to the conclusion that its origin was from this tributary valley, 
had not the whole series been traced and found at other places as here 
closely following the west side of the Merrimack valley. 

Near Piscataquog village the course of the series turns to the south, 
crossing the New Boston road about an eighth of a mile east of the cem- 
etery. This road passes through a gap in the principal ridge, which both 
on the north and south is filled almost as compactly as possible with 
angular fragments of rock one or two feet in size. Through this gap a 
portion of the river formerly flowed, and its ancient channel extends a 
mile to the south, lying on the west side of the kame. South-east from 
this gap, and east of the coarse ridge of angular materials, we find a small 
plateau, which belongs to this series, and is composed of well-rounded 
gravel, the largest pebbles having a diameter of two feet. A thin cover- 
ing of sand forms the surface here, but excavations show the coarse 
gravel, which is prepared by screening for the manufacture of concrete 
pavement. This series terminates within a half mile to the south. After 
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being traced continuously six miles along Soucook river and fourteen 
miles along the west side of the Merrimack, it stops here, and similar de- 
posits were next found fourteen miles below in Hudson and Nashua, 

These kames at their beginning reach a height about loo feet above 
the Soucook river, or 400 to 450 feet above the sea, and they continue 
at nearly the same height above the river to its mouth, where they are 
300 feet above the sea. Along the Merrimack they are 325 to 265 feet 
above the sea, or 100 to 125 above the river. The only point where a 
ridge is found much lower than this is at the eastern curve of the series, 
in the south part of Hooksett, where it is only about 50 feet above the 
river. The large area of kames in Manchester rises lOO feet above the 
head of Amoskeag falls ; and the ridge and plateau south-west of Piscata- 
quog are 15 feet lower, being 142 feet above the foot of these falls, and 
265 feet above the sea. With an irregularity in height which is almost 
constantly changing within limits of twenty-five feet, we thus find these 
kames, as a series, preserving a comparatively uniform elevation above 
the present river, which is about the same as that reached by its ancient 
flood-plain. 

The origin of these remarkable ridges must be explained in a similar 
manner with that of the long single kame of Connecticut river. The 
date of their formation was at the melting of the great ice-sheet. The 
comparatively fine gravel and frequent layers of sand in the Connecticut 
kame attest a slow melting of the ice, long water-wearing of its material, 
and deposition from a moderate or even gentle current. The Merrimack 
kames, as far north as to Loudon and Concord, indicate a much more 
rapid departure of the ice, which allowed less time for the formation of 
rounded gravel, and was attended by strong currents. A section of the 
Connecticut kame shows, by its alternation of coarse and fine materials, 
that successive summers and winters were occupied in its accumulation. 
The same appearance is often seen in the Merrimack series, but fre- 
quently a section of these kames is without very definite stratification; 
and all its materials, which are then very coarse but commonly much 
water-worn, appear to have been deposited by a nearly uniform and very 
powerful current, like that of a single summer. 

The deep ice-channels in which the kames were accumulated seem to 
have been formed only at or near the mouths of the glacial rivers, not 
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extending far from the melting edge of the ice-sheet. In this lower por- 
tion of the Merrimack valley, and elsewhere in eastern New Hampshire 
and Massachusetts, the retreat of the glacier seems to have been so rapid 
that extensions of these kames were often entirely deposited in a single 
year. The ice-walls by which they were enclosed melted back about as 
fast as the formation of the channels and kames advanced. Though 
separate portions of these kames were thus probably wholly deposited 
in a single year, their annual progress was small; and the formation of 
the entire series, extending 20 miles, occupied a long period. 

The substitution of coarse angular materials, instead of the common 
water-worn gravel, seems to have taken place at times of very rapid melt- 
ing, whenever such materials happened to be set free from the ice in large 
amount near the mouth of the glacial rivers. They were then swept by 
the violent current into the place of the ordinarily water-worn kames. 
At the most notable of these localities, which occurs in Hooksett {p. 88), 
a medial moraine, or a similar train of materials which had become en- 
closed within the ice, seems to have been thus undermined by the glacial 
river, and left to appear as a portion of this series. 

It remains to add a few statements in regard to kames found farther 
southward in this valley. A fourth of a mile west from Reed's Ferry 
we noted irregular ridges of partly angular and partly water-worn mate- 
rials, which enclose small ponds in their hollows. These kames appear 
to be isolated, not forming a portion of any series. After discontinuance 
lor fourteen miles next below the long series which extends from Loudon 
to Manchester, we again find lines of kames in the main valley, upon both 
sides of the river and a mile apart, in Hudson and Nashua. They begin 
in Hudson, a short distance south-west of Otternic pond, and extend 
southward two miles. This series may be seen at the north side of the 
road leading east from Nashua bridge, near where the river road turns 
off to the south. It is traceable from this point a half mile north- 
ward, consisting of two or more crooked ridges 20 to 30 feet in height. 
This material is considerably water-worn, the largest pebbles seen being 
a foot and a half in diameter. Following the river road southward, we 
find but a single ridge, similar in height and material, but nearly straight, 
which lies for the first third of a mile on the east side of the road, and 
beyond on the west side, diverging from it towards the river. This ridge 
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is 75 to 100 feet above the river, which is here 93 feet above the sea. 
The modified drift of the next half mile southward, extending to an ex- 
posure of the till, consists of a level gravel plain, 75 feet above the river, 
which contains pebbles up to one foot in diameter. This very coarse 
alluvium has a greater height than the finer deposits west of the river. 
It seems to be of earlier date than these plains, or even than the kames 
northward, and was probably formed in the same way with the latter, dif- 
fering only ill its greater extent. 

In Nashua, excavations have been made in remnants of the kames on 
the north side of Canal street, and on the west side of the Nashua & 
LoweH Railroad, a quarter of a mile south from the Concord depot. A 
short series seems to extend from the latter point to the south-west, 
principally concealed by later deposits. A mile and a half farther south, 
near the city farm, we find another ridge which has been excavated for 
gravel at its north end. This extends south-easterly nearly continuous 
for a mile, and is from 20 to 40 feet high. The road lies parallel with it 
on its north-east side for four fifths of this distance, but at length turns 
to the south, crossing the kame and rising above the alluvial area, of 
which this ridge forms the border. The material of these ridges is 
water-worn but quite coarse, containing stones up to one and a half or 
two feet in diameter. These kames are probably to be regarded as por- 
tions of a series which was never connected. A mile southward it ap- 
pears again, here also at the west margin of the alluvium, between the 
highway and railroad, south of Little's station. The highest of these 
kames in Nashua does not exceed 100 feet above the river. This series 
does not appear to extend into Massachusetts. 

Several other deposits of this kind were noticed at the west and north- 
west within the limits of our map. Fairmount heights, a coarse gravel 
plain on the north side of Nashua river, west of the city, is a deposit of 
similar origin with the kames. Near the west line of Nashua, ridges and 
mounds of this gravel occur on the south-east side of this river, Other 
kames, forming very coarse gravel ridges, were observed in the north 
part of Mollis near a school-house and saw-mi!l, on the south side of Pen- 
nichuck brook ; and in Amherst, a third of a mile south from the railroad 
station. Similar deposits, most frequently of small extent, may be found 
in almost every town in New Hampshire. 
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The description of the ordinary alluvial terraces and plains of the Mer- 
rimack was interrupted at the mouth of Soucook river. Thence nearly to 
Manchester the average width of the alluvial area is about one mile. Its 
narrowest place is at Hooksett, where ledgy hills rise close to the river 
on both sides. The Pinnacle, a sharp peak of white quartz on the west, 
350 feet above the river, affords a very beautiful view o£ the valley north 
and south, including several villages. The most interesting portion of the 
alluvium is its highest terraces. These are from 100 to 125 feet above 
the river, and are usually well shown upon both sides. Their similarity 
in height on opposite sides and their very steep escarpments facing each 
other, as already frequently pointed out, indicate their formerly continuous 
extent. These upper terraces form wide plains in Bow, which have been 
partly eroded by Moore's brook, and in Hooksett, south of the Pinnacle 
and north from Martin's ferry. The last of these areas extends back at 
the north one mile from the river. The greater part of its material is 
coarse gravel, and its origin seems to have been from the north-east at 
the time of the departure of the ice, differing from the ordinary line allu- 
vium, which was slowly deposited from the floods of the main valley. 

Valuable beds of clay, extensively used for brick-making, occur in the 
highest terrace for four miles north from Hooksett, upon the east side. 
This clay appears to form a nearly continuous stratum, which has a thick- 
ness of from 20 to 30 feet, with its top about 100 feet above the river. 
It is overlaid by a few feet of sand. The upper part of this stratum con- 
sists of a hard and compact gray clay. At a depth of !0 to 15 feet this 
is usually separated, by a thin layer of sand one fourth of an inch to three 
inches thick, from the underlying blue clay, which is soft and plastic when 
dug from the bank. A gradual transition from the gray to the blue clay 
is rarely seen. These divisions are nearly equal in amount, but in some 
of the brick-yards only the upper gray clay is exposed. Except the lower 
part of the blue clay, which is of inferior quality, both layers are well 
adapted for brick-making. Deposits of the same gray and blue clay, the 
latter always below the former, are frequently found in the south-east 
part of the state, near the coast, and along the Hudson river and Lake 
Champlain* Two miles above the most northerly of these brick-yards, a 
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similar stratum of clay about 25 feet thick, overlaid by 15 feet of sand, is 
worked near Bow Mills. A large alluvial area, including clay-beds, bor- 
ders Suncook river from one to two miles above its mouth. 

These deposits of clay were accumulated in very quiet water. The 
rivers which flowed from the melting ice-sheet appear to have brought 
down a greater depth of modified drift in the south part of Hooksett than 
was supplied along the distance in which the clay-beds occur. A consid- 
erable depth of nearly still water was thus held back in this part of the 
valley during the deposition of the extensive plains of Concord; and the 
same floods which deposited fine gravel and sand in Concord, carried for- 
ward clay to Pembroke and Hooksett, When this channel was nearly 
filled, and the river began to excavate the barrier below, the current be- 
came so rapid that a layer of sand was formed above the clay. 

No very extensive tracts of interval are found on the Merrimack south 
of Concord, The low terrace, lying slightly above the freshets, but hav- 
ing nearly the fertihty of an interval, sometimes occupies large areas; 
but its average extent is much less than that of the high terraces or 
plains, which often come nearly to the river. From the mouth of the 
Soucook river to Hooksett the low terrace is well developed on the west 
side, averaging a quarter of a mile wide. On the east side it is narrow, 
but attains considerable width between Suncook and Hooksett, where it 
is interval. Southward to Manchester it is nowhere wide, but nearly all 
the way occupies a narrow margin on each side of the river. The Con- 
cord Railroad, along its entire length, is built on this terrace. 



Fig, 21.— Section in Manchester. Length, 3 miles. 

At Amoskeag falls the alluvium is two miles wide, and it averages 
thus for three miles, the city of Manchester lying at the middle of this 
distance on the east side. The largest part of this area consists of high 
sandy or gravelly plains, whose barrenness made this township, under its 
former name of Derryfield, proverbial for poverty. The Amoskeag falls 
were then utilized only as a fishing-place. The river here descends 56 
feet, from 179 to 123 feet above the sea; and its water-power has within 
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fifty years built up the largest city in the state. The plains on the west 
side are extensive, both north and south of Piscataquog river, descending 
from 280 to 265 feet above the sea. The upper edge of the alluvium in 
the north-east part of the city is from 360 to 265 feet above the sea. 
Elm street lies upon a terrace intermediate between the high plain and 
that of the depot. Wells upon this street show about 25 feet of common 
sand, in the lower part of which water is obtained by the shallower wells ; 
then, 20 feet of quicksand, with no springs, beneath which is a thin layer 
of clay, lying on unmodified drift or till. The deeper wells find their 
springs between the clay and till. 

Piscataquog village also lies mainly upon an intermediate terrace, which 
extends a mile to the south, being occupied by the river road. The low- 
est terrace appears between this and the river; farther south it attains a 
large width, and is crossed by the river road at Bowman's brook. The 
same terrace is also wide on the east side north of Goff's Falls. 

About a mile south from the city of Manchester an extensive, ledgy 
hill, isolated in the alluvial area, lies between the Concord and the Man- 
chester & Lawrence railroads. The plain below this barrier to Goff's Falls 
does not quite reach its normal height, being 210 feet above the sea, or 
100 above the river at the mouth of Cohas brook. In the north-western 
part of Londonderry it is slightly higher, and large quantities of its sand 
have been blown to the south-east 75 feet above it into irregular mounds 
and ridges upon the hillsides. Southward, the high plains are contin- 
uous and wide to Hudson. 

On the west side the plains are wanting most of the way for six miles 
from Bowman's brook in Bedford to Reed's Ferry. This side of the val- 
ley appears to have been specially subjected to the erosion of the river, 
which has in many portions removed nearly every trace of modified drift, 
leaving the till or ledge sloping to the present channel. The till is fre- 
quently exposed in the banks or bed of the river between Manchester 
and Nashua, and also sometimes appears on the surface of the extensive 
plains, showing that the modified drift has not so great a depth as in the 
widest portions of this valley northward. Nearly opposite Goff's Falls, 
and on Sebbins brook at the south line of Bedford, the alluvium expands, 
forming three terraces, the highest in each case being 90 feet above the 
river. 
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In Litchfield and Merrimack the high sandy plains have a larger devel- 
opment than in any other portion of this valley excepting Concord. On 
the east side we find the modified drift occupying almost the entire town- 
ship of Litchfield. An area from one fourth to three fourths of a mile 
wide next to the river is the low fertile terrace, — which is partly interval, 
as opposite the mouth of Souhegan river, but mostly lies somewhat above 
high water. East of this is the plain, about loo feet above the river, co- 
inciding in its eastern boundary nearly with that of the township. Its 
greatest width is opposite Thornton's Ferry, where it extends three miles 
back from the river. Its surface is in general very level ; a depression is 
partly occupied by Darrah, Halfmoon, and other ponds. This wide 
alluvial area becomes narrowed to two thirds of a mile after entering 
Hudson, but again expands about Otternic pond, which is surrounded by 
plains. Two miles farther south, below Nashua, this area is contracted 
to only one fourth of a mile at each side. 

The plains of Merrimack extend five miles southward from Reed's 
Ferry, having the same height as on the east side, and extending hack 
nearly two miles from the Merrimack at their widest portion, which is 
along Souhegan river to Burnap bridge. Below this the alluvial area 
averages a mile wide nearly to Pennichiick brook, on whose north side it 
is interrupted by till which extends almost to the river. More than half 
of this width is occupied by the plains, which are mostly very level, with 
scarcely any elevations above the general surface, but having occasional 
hollows that often enclose small ponds. A considerable portion of the 
plain at one mile south from Thornton's Ferry has undergone erosion to 
the amount of 25 feet, now remaining 75 feet above the river. At the 
south-west part of this terrace clay deposits, which have been used for 
brick-making, occur near two small ponds. A single low terrace, one 
third of a mile wide, lies between the southern extension of these plains 
and the river. 

From Reed's to Thornton's Ferry, two terraces are well shown below 
the plains. The north part of Souhegan village, and the road farther 
south, lie upon the higher of these, which is about 60 feet above the 
river, A succession of five terraces was observed south of Naticook 
brook at Thornton's Ferry. The river here is 100 feet above the sea, 
and the terraces are 20, 35, 50, 75. and 105 feet above the river, the first 
VOL. iiL 13 
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being interval, and the last the high plain, They all extend southward 
beyond the village, except the second, which terminates a short distance 



Fig. 22. — Section in Merrimack and Litchfield through Thornton's 
Ferry, Length, 3i miles. 

south-west of the depot. The third represents the immediate terrace 
which we noted as commencing at Reed's Ferry. The lower terrace 
along this distance is now in large part above the reach of the annual 
floods; but its undulating surface, very noticeable along the railroad, 
shows that nearly every portion of its area has been at some time occu- 
pied by the constantly varying channel of the river. The crescent-shaped 
pond north of Naticook brook lies in an ancient river-bed ; another an- 
cient channel, considerably above that of the present day, is crossed 
shortly after turning off from the main road in Litchfield to go to Thorn- 
ton's Ferry. At the east landing of this ferry the bottom of the bank is 
a thick stratum of clay, which is overlaid by sand. 

Through Nashua we find the width of the alluvium narrowed, and till 
extending at several places almost to the river. An isolated area of till 
lies close to the railroad just south of Pennichuck brook. A former 
channel of this brook is plainly traceable here for a mile ; it is crossed by 
the railroad a short distance south of the bridge, and thence extends 
southward, forming a long, nearly straight hollow in the terrace between 
the railroad and the river. A short distance farther south a succession 
of four terraces appears, at heights of 30, 55, 65, and 95 feet above the 
river. The highest of these forms a plain, over which the road next to 
the river extends for a mile south from Pennichuck brook. A small peat- 
bog lies in a depression on the west part of this plain. Two thirds of a 
mile north of Nashua river a narrow area of till extends almost to the 
Merrimack. Much of the till of this section is quite different from that 
usually seen, as it contains very few large boulders : its coarser portions 
are mainly pebbles and chips of rock, not often exceeding one foot in size. 
The former were derived from the neighboring Lake gneiss at the north, 
and the latter from the compact mica schist and quartzite of the Mer- 
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rimack group. The kames of Nashua and Hudson differ in the same 
way in respect to their material from those farther north. South of the 



Fig. 23,— Section in Nashua and Hudson, J mile*'"""" 

NORTH from the MOUTH OF NASHUA RiVER. 

Length, 2 miles, 
till mentioned three terraces occur. The middle one corresponds in 
height to the extensive plain of the south part of the city, which is 150 
feet above the sea, or 57 feet above Merrimack river. This plain aver- 
ages two miles in width for three miles west .from the Merrimack, to 
Mine falls on Nashua river. It lies mostly on the south side of this river, 
and also includes the last three miles of Salmon brook within its area. 
The water-power of Nashua is supplied by these streams, the utilized fall 
of Nashua river being 51 feet, and that of Salmon brook 57 feet. 

The origin of the material of this plain was partly from each o£ these 
streams and partly from the north-west, along the avenue followed by the 
Wilton Railroad, Salmon brook has considerable alluvial deposits along 
its whole course. Very interesting kames occur along this brook in Dun- 
stable and in Groton, Mass. They extend several miles, lying north and 
south, and are well seen from the Nashua, Acton & Boston Railroad. It 
appears that these were formed when this was one of the principal outlets 
from the melting ice-sheet. After the full disappearance of the ice the 
direction of drainage was changed, and a part of the deposits of this area 
has been carried back northward by this brook. 

Main street in Nashua, at the city hall and at the Worcester depot, has 
the same height with the dam at Mine falls (152 feet above the sea). 
The descent of the plain eastward in this distance is about 20 feet. 
Three miles farther south-west, upon the Nashua river in Hollis, we find 
plains 50 feet higher, or 70 feet above the river, which has a wide alluvial 
area on both sides to Massachusetts line. Kames, which were probably 
formed by waters flowing south from the melting ice, occur in Nashua 
)ust north of Hollis station, and on the east side of the railroad at the 
next crossing to the north ; and others, previously mentioned, lie near the 
river, a mile farther north. One of the finest displays of kames to be 
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found in Massachusetts is shown near the head of Nashua river, along 
the railroad between Fitchburg and South Ashburnham. These kames 
lie in north-west to south-east ridges parallel with the valley. When 
they were being formed we must suppose that the ice had gone from the 
lower east and north-east portions of the river's course, and that the 
floods of water supplied from the melting ice-sheet at its source were 
then completing the deposition of these extensive plains at its mouth. 

At the same time floods were here poured into the Merrimack from 
the north-west, where no stream now exists. A continuous belt of allu- 
vium, upon which the Wilton Railroad is built, extends six miles from 
the Souhegan river in Amherst to the plains of the Nashua river. Its 
narrowest place, three miles from the city, is a third of a mile wide, 
while its widest portions, in the north-west corner of Nashua and south 
part of Amherst, are a mile and a haH wide. These plains show a grad- 
ual descent from north-west to south-east, amounting to 75 feet in the six 
miles. They consist of levelly stratified sand and gravel, and in general 
have a very regular surface; but several ponds, often with no outlets, 
fill depressions upon their widest portions, as Stearns pond in Amherst, 
Pennichuck pond near South Merrimack, and Roimd pond in Nashua. 
Deposition probably took place very rapidly from floods which brought 
down the material from the melting ice-sheet. In some cases masses of 
ice may have remained where we now find these ponds, or they may be 
due to an unequal supply of material and varying currents. The waters 
of the Souhegan valley at this period found their way to the Merrimack 
by three routes. One was along the present course of this river, which, 
below its extensive plains in Amherst, is narrowly enclosed at two points 
by high land of till or ledges; a second, similar to the first, was along 
Pennichuck brook; while the third, which differs from the others in its 
ample width and direct course, brought the greater part of these floods 
to the same mouth with the Nashua river. In this way the flood-piains 
of the last route appear to have become slightly higher than along the 
present Souhegan river and Pennichuck brook, which therefore became 
the channels of drainage after the Champlain period. 

A half mile below the mouth of Salmon brook, hills approach nearly to 
the river, beyond which is a plain of similar height with that south of 
Nashua river. In the remaining three miles to Tyngsborough the allu- 
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vial area on the west is narrow, consisting principally of the low terrace, 
which is about 2$ feet above the river. Plains of considerable extent 
occur on the opposite side, 50 to 75 feet above the river. At Tyngsbor- 
ough the alluvium is wholly cut off on the west, and nearly so on the 
east, by hills of ledge or till. 

Five miles south of the state line, the Merrimack river turns to the 
east at North Chelmsford, and thence pursues a devious east and north- 
east course, at right angles to its valley in New Hampshire, about thirty- 
five miles to its mouth three miles east of Newburyport. South and 
south-east from its bend are extensive low alluvial plains. These were 
deposited by the floods from the melting ice-sheet in New Hampshire, 
which kept their course south-east to Massachusetts bay. These plains 
form the very low water-shed between Lowell and Boston, and are the 
continuation of the slowly descending ancient flood-plain, which we have 
traced in the upper terraces of Merrimack river through New Hampshire, 
When these extraordinary floods abated, the river found a lower channel, 
which had been mainly sheltered from the deposition of modified drift by 
its crookedness and closely bordering hiils. 

The area here crossed by the river is remarkable for peculiar accumu- 
lations of till, which forms steep, smoothly rounded oblong liiills 100 to 
200 feet in height. These are set almost as thickly as possible over an 
otherwise nearly level country. Their prevailing trend, especially north 
of the Merrimack, as in South Hampton and Kensington, is north-west 
to south-east, or approximately parallel to the motion of the ice-sheet, 
which must have heaped them up beneath its mass, and left them at its 
melting in their present form. The next chapter will contain a full de- 
scription of these hills, which occur occasionally in many portions of 
New Hampshire. 

At the mouth of Merrimack river a ridge of sand, 25 to JO feet high 
and 10 to 40 rods wide, extends several miles both to north and south, 
facing the ocean. Its gentle east slope forms the beaches of Salisbury 
and Plum island. This portion of the sand brought down by the river 
has been swept back again by tlie waves, and lifted above their reach by 
the wind. Marshes a mile wide lie on the west side of this ridge. These 
recent deposits will be described, with those of the coast northward, in a 
later portion of this chapter. 
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Recapitulatiok of Modified Drift of Pemigewasskt and Merri- 
mack River. 
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Modified Drift along Contoocook River. 

The modified drift of Contoocook river, mapped on Plate V (p. 96), has 
been explored for a distance of forty miles from the east line of Jaffrey to 
its mouth. This is the largest tributary in the state. It gives the best 
example found within our limits of a long valley descending from south 
to north. The upper twenty-five miles of the distance explored has a 
quite straight course a few degrees east of north. At Henniker the 
river turns eastward, and thence ilows slightly east of north-east fifteen 
miles to its junction with the Merrimack at Fisherville. These distances 
measure the direct course of the valley, not the meandering channel of 
the river, which exceeds fifty miles. 

From the northward course of this valley, we should suppose that the 
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conditions whicli prevailed at the melting of the ice, and the modiiied 
drift then deposited, would differ from the common type. This expecta- 
tion was fully justified by exploration for thirty miles, along which dis- 
tance deposits were found different from any seen elsewhere in the state, 
together with frequent kames ; and it is only after entering Hopkiiiton, 
and along the last ten miles of the river, that it is bordered by the ordi- 
nary level and continuous alluvial plains. 

We will first describe the modified drift of this valley in order, pro- 
ceeding from its source to its mouth, without intruding any theories; 
after which, we will seek an explanation of the facts observed. Several 
ponds in the north part of Rindge constitute the head waters of Contoo- 
cook river; and others in the same town are among the principal sources 
of Miller's river. The water-shed on which these ponds lie is a compara- 
tively level plateau, partly covered by large amounts of coarse, water- 
worn gravel, and elevated i,ioo to 1,200 feet above the sea. 

At the line between Jaffrey and Peterborough, where our special exam- 
ination of the valley began, the river is about 875 feet above the sea. 
For the first mile the stream is bordered by coarse, water-worn gravel, 
containing pebbles one to two feet in diameter, interstratified in nearly 
equal proportion with sand. These deposits occur in ridges or irregular 
terraces, which reach a height of 150 feet above the river. They are 
well exposed by the excavations for the railroad, along which they ex- 
tend, decreasing in height at the north, to within a half mile of Noone's 
mill. Thence northward to Peterborough village the principal deposits 
on the west side are sand, which slopes very irregularly from the river 
to the height of too feet at the distance of a quarter of a mile on the 
hillside. This was seen in some places to be stratified conformably to 
the surface, and it is scarcely anywhere distinctly terraced so as to show 
steep escarpments with a wide, level top. Boulders of various sizes, up 
to four or five feet in diameter, are frequently found embedded in this 
stratified sand. 

South-east from Noone's mil! we find an interesting assemblage of 
kames, in irregular ridges, which rise from 50 to 7$ feet above the river. 
These are three or four in number, lying approximately north and south 
and parallel to each other. Their material is water-worn gravel, contain- 
ing pebbles up to a foot and a half in diameter. At one point a ridge 
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turns abruptly from a northward to an eastward course, enclosing a pond 
in the triangular hollow between it and the adjoining ridge. A short dis- 
tance to the north is a hill, about go feet above the river, which appears 
to consist of till overlaid by a gravel deposit. This is surrounded by low 
alluvium. A little farther north the river flows at the eastern foot o£ a 
gravel ridge, which is about 40 feet in height. A boulder six feet in di- 
ameter was noticed in this ridge ; but such blocks are very rare in these 
kames, and were nowhere seen in the high gravel deposits farther south. 

One mile east from Noone's mill, sand dunes occur on the hillside at a 
height of about 200 feet above the river, covering some two acres, which 
are almost destitute of vegetation. 

The Contoocook, at the mouth of Nubanusit river in Peterborough 
village, is 734 feet above the sea. Here till and ledge rise steeply on 
the east side, which has no modified drift. Half a mile to the north a 
considerable width on this side is occupied by alluvial sand and fine 
gravel, which extend in irregular slopes to 100 feet above the river, rarely 
showing any steeply-terraced or level-topped surface. The most irregu- 
lar portion of this area is at the cemetery, which is diversified by kame- 
like mounds and ridges. As we approach North Peterborough the till 
and ledge again reach to the river. Along this distance on the west 
side, similar sand and gravel, in irregular slopes, thinly cover the hills to 
a height of 100 to 150 feet above the river. Occasional boulders are 
found enclosed in these deposits. 

At North Peterborough a broad, terrace-like ridge of sand extends half 
a mile on the north-west side of the river. This has steep slopes, but its 
top is nearly level, with a height about lOO feet above the river, being at 
the south 820 and at the north 8io feet above the sea. The valley here 
bends for a short distance to the east, so that to one following the river 
northward this ridge at first appears to lie as a barrier before it. With 
this huge sand-bank the high deposits of modified drift, which we have 
found bordering this river continuously for five miles, come to a sudden 
end. 

Half a mile eastward a small terrace, about 50 feet above the river, 

lies on its east side. Excepting this, we find in the next two miles only 

low alluvium, which averages a half mile in width, lying mostly on the 

east side of the river, with a height of 10 tO'30 feet above it Beyond 
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this we find the valley for the next six miles, extending nearly to An- 
trim, well-nigh destitute of any alluvial or terraced deposits ; yet it has 
along most of the way an ample width with gently sloping sides, which 
are usually the conditions for the accumulation of extensive plains. In 
this distance, and for several miles farther north, the descent of the river 
is small, amounting to 123 feet in the sixteen miles between North Peter- 
borough and Hillsborough Bridge. More than half of this occurs at Ben- 
nington, where its fall is from 676 to 606 feet above the sea; for the rest, 
the average slope is about three feet to a mile. 

The only important deposits of modified drift seen along this river for 
six miles were kames, which appear on the east side near the north line 
of Peterborough, and are very well shown upon both sides of the valley 
at one mile south-east and south-west from Bennington. In the north 
edge of Peterborough these consist of sand or fine gravel, which lie in 
numerous mounds and ridges, in depths to 20 or 30 feet, upon a sloping 
hillside of till 90 to lOO feet above the river. These deposits are irregu- 
larly stratified, conformably in some places, and perhaps generally, to the 
underlying surface. They contain here and there embedded boulders, 
the largest of which observed was four feet in diameter. 

From a half mile to more than a mile south of Bennington, on both 
sides, we have large accumulations of kames. On the west they rise to 
about 140 feet above the river, and consist of sand in hillocks and north 
and south ridges, which are 50 to 75 feet in height, lying on till. In the 
sand, which is irregularly stratified as seen in many places, there also 
occur occasional boulders up to four feet in size. On the east side these 
ridges and banks are well shown along the road to Greenfield before 
coming to Whittemore pond. They are composed in large part of the 
coarse, water-worn gravel which is characteristic of the kames, inter- 
stratified with sand, and containing embedded boulders. These deposits 
reach a height fully 175 feet above the river, or 850 feet above the sea. 
Thence to the south-west similar deposits border the north and west 
sides of the hills to within a half mile of Pollard pond, being well shown 
on the east side of the Manchester & Keene Railroad, now being built, 
for one mile south from Bennington station. Here they form nearly 
level terrace-like banks of fine gravel or sand, 170 to 175 feet above the 
river, irregulariy stratified and rarely containing boulders. 
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At Bennington station tlie kames are very well displayed, forming 
long and narrow steep ridges. One of these has been here cut through 
for the railroad, and shows very instructive sections. Its base is 40 
feet above the river, and its height about 20 feet. Fig. 24 shows the 
simple transverse section at the south side of the cut; and Fig. 25 shows 
^ the section on the north side. 

The eist portion of the last is 
directl) transverse, but its west 
portion IS a longitudinal section, 
extendmg farther north. 




Fig 25 — North side 

Sections of a Kame Bennington Station M. & K. R. F 

Scale 25 feet to in inch 



This kame showed the following 



of deposits, beginning at the top : 



I. Coarse yellow gravel, containing pebbles up to 8 inches in diameter; — thickness, 
3 to 5 feet. 
3. Fine sand, whitish and yellowish ; — thickness, 3 to 5 feet. 

3. Coarse dark gravel, containing pebbles up to one foot in diameter; — thickness, 
3 feet. 

4. Sand, same as No. 2, obscured at bottom by crumbling of the bank ; — thickness, 
4, perhaps 8, feet. 

A-A. Downfall of strata, with irregular, broken steep slope, against which lies an 
accumulation of sand. 
B. Depression of 2 feet, similar to the foregoing (not extending to south side). 
F. Fault, seen only on south side ; — dislocation of strata, 6 inches. 

Boulders up to seven feet in diameter are rarely found on the top of 
this kame ; but none were observed embedded in it. It will be noticed 
that the alternate layers of gravel and sand preserve a nearly uniform 
thickness throughout the excavation. It should be added that the gravel 
usually contains no clear sand and the sand no gravel ; and that these 
succeed each other by a sudden change, not by gradual transition. These 
sections appear to show the deposition of two years, the coarse gravel 
being brought from the melting ice-sheet by strong summer floods, and 
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the sand being deposited in autumn and spring. The line of downfall, 
A-A, appears to show where these materials at first rested against a wall 
of ice. When this melted, the strata suddenly fell as seen at these 
points. 

In Hancock, a mile and a half farther west, the first excavation for this 
railroad after crossing the highway shows sand and fine gravel under- 
lying till upon both sides of the cut, {Fig, 26.) This is on the south 
slope of a hill, at a height for the bottom of the cut of 28 feet above the 
river. The surface all around is composed of till and covered with 
boulders. The separation between the modified drift and till is not a 
definite line ; but there is a gradual transition, occupying one or two 
feet, and the till has thin streaks of sand. No boulders were seen in 
the underlying deposit. 



Fig. 26,— Section of Modified Drift under Till, 

Hancock. 

Lengthof Section, 300 feet; lieight, 15 feet. 

1, The unmodified drift, or till, contains boulders of all sizes up to 8 or 10 feet; its 
thickness is from 6 lo 10 feet. 

2, The modified drift is stratified in layers of varying thickness ; sometimes con- 
torted, but mainly horizontal ; consisting of sand (in strata from 2 to S feet thick) and 
fine gravel (with the largest pebbles 3 inches in diameter) ; thickness exposed, from 5 
to 7 feet, also extending below the excavation. 

The lack of alluvial deposits in the Contoocook valley is made up 
where we might least expect it, two miles farther east, at a height of 
nearly 200 feet above the river, and not in the pathway of any large 
stream. Following the stage road from Bennington to Greenfield, 
numerous kames were seen north-east from Pollard pond, principally 
forming north-west to south-east ridges, and composed of coarse gravel. 
The road next enters on a nearly level plain of sand and gravel, which 
extends about two miles to the south, being from one half mile to one 
mile wide. Its height is from 850 to 870 feet above the sea. Hog- 
back and Bridge ponds lie in depressions of this plain, with steeply 
sloping shores from 25 to 30 feet high. Pollard pond lies about 50 feet 
below the plain, of which with its outlet it forms the western boundary. 
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The first of these ponds has its name from gravel ridges or kames. 
These are well shown between this and Pollard pond, extending in north- 
west to south-east ridges, not higher than the plain, but shown as ridges 
because of intervening hollows. These kames, with most of the plain 
northward, consist of coarse, rounded gravel, with the largest pebbles 
from a foot to a foot and a half in diameter. Southward, sand predomi- 
nates, but much kaine-like gravel is also found. These materials are 
spread out comparatively level, but the excavation for the railroad shows 
that they have usually an oblique stratification, dipping mostly to the 
south-east. Greenfield village lies at the east edge of this alluvial area, 
which extends with its full width a half mile farther south. In this dis- 
tance we find, on the east side of the railroad, kames containing pebbles 
up to a foot and a half in diameter, and lying in north and south ridges 
20 to 30 feet higher than the plain. These continue along the railroad 
fully a mile to Cragin pond, forming a narrow belt, which is bordered by 
hills of ledge or till. Their southern portion is mainly of sand or fine 
gravel, and they terminate in a sand plain, which lies on the east side of 
this pond, 25 feet above it. 

A water-shed scarcely higher than this plain and lower than the kames, 
being 863 feet above the sea, separates Cragin pond from the head-stream 
of Stony brook, which the railroad follows to Wilton, descending more 
than 500 feet in nine miles. The modified drift of this valley consists 
of occasional terraces and kames, but presents no remarkable features, 
and is scanty in amount. 

No streams now exist, or can have existed with the present system of 
drainage, capable of forming the large alluvial plain of Greenfield, Ex- 
cepting north of Pollard pond, the bills which lie between it and the Con- 
toocook do not exceed the plain in height. Its extent along the outlet of 
Pollard pond is to the north-east corner of Peterborough, below which for 
two miles this stream is destitute of alluvium, as are also the low hills and 
even the valley of the Contoocook on the west. 

At Bennington the valley is closely bordered by hills, beyond which 
we again find the modified drift continuous to Hillsborough Bridge, a 
distance of nine miles. The Hillsborough & Peterborough Railroad, 
now being built, is here on the east side of the river, and from South 
Antrim northward lies on a low and partly swampy plain 1 5 to 20 feet 
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in height and a fourth to a half mile wide. The old muster-ground of 
"Cork plain," in Deering, is a part of this long terrace. On the west 
side the river has a similar but narrower alluvia! margin, principally of 
meadow or interval, not exceeding lo to 15 feet in height. ^At the north 
line of Antrim and Deering these deposits have their widest development 
upon both sides, covering a mile square. 

Karnes extend along the east side of this low alluvium from opposite 
South Antrim to the north line of Bennington. They are disposed in 
numerous mounds and ridges, which lie mostly north and south, attain- 
ing a height of 100 feet above the river, and occupying a third of a mile 
in width. Their material is sandy gravel, with the largest pebbles about 
one foot in diameter, but they contain, also, occasional angular boulders 
of sizes up to five or six feet. Near their north end the surface of ordi- 
nary till between these gravel ridges is strewn with massive boulders 
often ten feet in diameter. Kames are also found a half mile south-east 
from Hillsborough Bridge, in mounds 10 to 30 feet high. 

A very remarkable accumulation of sand and gravel is found on the 
east side of this valley in Deering, two and a half miles south from Hills- 
borough Bridge, at a height of more than 300 feet above the river. On 
its north-west side an abrupt spur of Hedgehog hill, probably 450 feet 
above the river, projects half-way across the valley; and the same range 
rises still higher on the south-east. The deposit lies upon the south- 
west slope of the intervening hollow, reaching to the height of land 
which separates the hills. It consists of sharp-grained sand, interstrati- 
fied with gravel, which contains pebbles up to six inches or nearly one 
foot in diameter. Four or five acres at the top are nearly level, and 
thence a long slope extends down nearly to the alluvial plain. The 
stratification of this sand and gravel is seen in gullies formed by rains 
or very small springs, which are making slow inroads upon the level 
area at the top, where the undisturbed strata are exposed, dipping to 
the south-west nearly at the same angle with the slope'of the hill. No 
boulders were observed, either embedded or on the surface. This is the 
only high deposit of modified drift close to the river in this portion of its 
valley, and must be of different origin from our ordinary high terraces 
and plains ; nor does any water-course exist by which it could be brought 
here. 
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Other notable deposits of sand and gravel, to be hereafter described, 
occur at nearly the same level on both sides of this valley through Hills- 
borough county. They are usually two or three miles distant from the 
Contoocook river, but in most cases border some tributary stream. 

At Hillsborough Bridge the river is enclosed on both sides for a short 
distance by slopes of till. Below this place the alluvium forms low plains 
between the railroad and the river. The fall of the Contoocook at Hills- 
borough Bridge is 2^ feet, its height at the head of this fall being 
591 feet above the sea. At the head of Long fall, near the line between 
Hillsborough and Henniker, it is 546 feet above the sea, and in the next 
two miles it descends 113 feet through a narrow valley destitute of modi- 
fied drift. 

In Henniker a small terrace 15 feet above the river is crossed by the 
railroad near the foot of Long fall. A wider terrace, 30 feet above the 
river, extends nearly a mile from the west village to the railroad bridge. 
These are both on the north-west side, and are the only deposits of mod- 
ified drift west of the principal village. At the east side of this village 
an interesting assemblage of karaes is found, consisting of water-worn 
gravel, with the largest pebbles one to two feet in diameter, in three or 
four north ajid south ridges, 20 to 50 feet in height, nearly parallel with 
each other. They cover an area two thirds of a mile long and half as 
wide, and rise to a height of 100 to 125 feet above the river, which below 
the village is 390 feet above the sea. It will be seen that these ridges lie 
at right angles with the course of the valley, extending nearly across it, 
and causing the river to flow around them in a southward bend. East 
from the kames the river flows through intervals or low plains, 15 to 40 
feet in height, which extend, with an average width of two thirds of a 
mile, through the township. 

Two and a half miles east from Henniker village we find on the north 
side of the river, south-west from Whittaker pond, another group of 
kames lying in north and south ridges across the valley like the preced- 
ing, and reaching a height of 100 to 150 feet above the river. The mate- 
rial of these ridges is in part the usual water-worn gravel, but in some 
portions it contains principally angular fragments of rock one to three 
feet in dimensions. Whittaker pond is bordered on the south by a nearly 
level deposit of coarse rounded gravel, about 75 feet above the river. 
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Half a mile south-west from these ridges, on the south side o£ the 
river, we find a remarkable kame, half a mile long, with a course a little 
to the east of south, composed of sandy gravel, with pebbles frequently 
six to eight inches, but not commonly exceeding one foot in diameter. 
This forms a steep ridge about loo feet above the hollow which separates 
it from a high hill an eighth of a mile west, and 125 feet above the low 
alluvium, which extends two thirds of a mile wide on the east. A small 
pond lies in this alluvium at the foot of the kame. The next third of a 
mile south shows no ridge, but it is succeeded by a very interesting mo- 
raine, which forms a steep and narrow crescent-shaped ridge, fully half 
a mile long, lying in a similar position with the kame between the hills 
and the low alluvial area. Its course is to the south-east and east, with 
height descending from about 75 to less than 50 feet above the alluvium, 
and it is separated from the hills by a hollow nearly as deep. The crest 
of this moraine consists almost entirely of angular boulders of all sizes 
up to ten feet in diameter, which cover the surface and are piled as 
thickly as possible, with scarcely any space for finer material. On the 
sides, and along the top near the east end of the ridge, we find earth and 
boulders intermixed in the ordinary proportions of the coarse upper till. 
These blocks are principally of two kinds, derived from the Lake and 
porphyritic gneiss, which occupy the whole country for more than ten 
miles to the north. The New Hampshire Central Railroad, now discon- 
tinued, was buiit in the hollow on the south-west side of both kame and 
moraine. 

A noticeable feature of the Contoocook basin is, that its east and south- 
east water-shed is formed by high, irregular hills near the river, which 
has no large tributaries from this side. The lowest points of this 
water-shed usually exceed 400 feet above the river ; but one or two 
miles south-east from this moraine the railroad found a line of depres- 
sion only 150 feet above the river, or 537 feet above the sea. On each 
side high hills border this pass, which connects the Contoocook valley 
with that of the north branch of the Piscataquog river. No extensive 
or remarkable deposits of modified drift were seen in a hasty journey 
along the latter valley, 

A third of a mile above West Hopkinton the Contoocook river flows 
between slopes of till 75 feet in height, and so steep as to suggest that 
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the channel here may have been formed by the erosion of the river. A 
third of a mile from this railroad station, several parallel kames are found 
extending nearly east and west between the highway and the outlet from 
Rolfe's pond. These are composed of the usual water-worn gravel, with 
pebbles up to one foot in size, and form ridges and mounds 25 or 30 feet 
high and 60 feet above the river. 

In the remaining ten miles of its course the Contoocook is almost con- 
tinuously bordered by extensive low plains, seldom exceeding 30 feet 
above the river, with occasional areas of interval, but no kames were 
seen. On the south side of the river, below West Hopkinton, portions of 
these plains are 50 feet above the river; and on the north side the same 
height is reached by a delta-like deposit where the outlet from Clement 
pond enters the alluvial area. At Contoocookville the alluvium is in- 
terrupted by low areas of till or ledge, that upon the north side being 
quite low and scarcely higher than the plains, which seem at the edge of 
the village to extend across it. Thence eastward low sandy plains, from 
I S to 25 feet above the Contoocook, extend nearly level for eight miles to 
the Merrimack river. Their greatest expanse is in the north-east part of 
Hopkinton, the north-west corner of Concord, and the south edge of 
Webster, where they cover an area three miles long from north to south 
and nearly two miles wide. This at the north consists partly of swampy 
land, slightly depressed, and with no outlet for drainage. Warner and 
EJackwater rivers, which are tributary to the Contoocook in Hopkinton, 
are bordered by considerable alluvial deposits, the former in Warner and 
the latter in Salisbury. 

Thrse miles above its mouth the Contoocook is enclosed by hills with 
only a narrow alluvial margin. The proper continuity of its plain is here 
along the Concord & Claremont Railroad, with a hill between it and the 
river, east of which the plain is wide, lying principally on the south side 
of the Contoocook river, at a: height of 125 feet above the Merrimack. 
Below Contoocookville the river has a height of about 355 feet above the 
sea nearly to Fisherville, where it descends rapidly to its mouth, which is 
249 feet above the sea. 

We will next consider the course of events in the Champlain period, of 
which these deposits of modified drift bear witness. 
VOL. in. IS 
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Review and Conclusions. 

The continuousness in height of the plains of the Merrimack valley in 
Concord with those through which the last ten miles of the Contoocook 
flows, has been already noticed (p. So). A comparison of this with the 
deficient height of the terraces of the Merrimack opposite to and for a 
few miles above the mouth of this river (pp. "/& and 79), leads to the 
conclusion that a large proportion of the modified drift of Concord was 
brought into the Merrimack valley by the Soucook and Contoocook 
rivers. The latter contributed to the plain of East Concord, and alone 
filled the iarge area between West Concord and Fisherville. 

The extensive plains of the Contoocook, in the north-west part of Con- 
cord and through Hopkinton, occupy two basins of unequal size, which 
we must suppose held lakes at the first retreat of the ice-sheet. These 
were filled, as the melting of the ice contiimed, by the alluvium of its 
floods. A large share was supplied by the tributaries from the north ; 
and the kames near West Hopkinton were formed by a glacial river, 
which descended at the head of the valley. To this point the formation 
of modified drift seems to have proceeded quite in the ordinary way. 

In the east part of Heuniker the first outlet from this valley was prob- 
ably to the south-east into the basin of Piscataquog river. The moraine 
and kame which extend along the old line of the New Hampshire Cen- 
tral Railroad, at the south-west side of the alluvial area of the Contoo- 
cook, indicate a considerable period in which the terminal front of the 
rock-bearing glacier remained nearly stationary, succeeded by a period 
of retreat northward, when a large river, laden with sand and gravel, 
descended from the melting ice-fieids. At the time of formation of this 
kame a small lake, nearly as deep as to cover its top, lay between the 
front of the glacier and the outlet of its waters to the south. The glacial 
river, entering this deep and quiet lakelet, deposited more quickly than 
usual nearly its whole freight, both of gravel and sand. Somewhat later, 
but while the outlet was still to the south, the kames on the north side 
of the valley south-west from Whittaker pond were formed ; and we may 
presume that this date was nearly the same with that of the kames of 
West Hopkinton, which show that the valley of the Contoocook below 
was clear from ice. Not long after this time the glacial barrier between 
these basins disappeared, and drainage took its present course. Whether 
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the kames at the east side of Heniiiker village were formed before or 
after this change, cannot perhaps be determined. Their position, trans- 
verse to the Contoocook, shows that they were formed by streams from 
the melting glacier on the north in the valleys of Amy and Warner 
brooks, while the rapid retreat of the ice to the west and south-west ap- 
pears to have been delayed by the high hills which closely border the 
river. It is not improbable that, when these waters first flowed towards 
the north-east down the Contoocook valley, a barrier of til! near West 
Hopkinton, afterwards eroded by the river, held back a shallow lake 
which extended to the kames last mentioned. The deposition of the 
low alluvium of this area was going slowly forward during all the time 
occupied by this history. 

The melting of the vast ice-sheet over New England proceeded from 
the coast to the north-west and north, so that lakes were temporarily 
formed in valleys which drain northward. The avenues by which the 
waters escaped from the upper portion of the Contoocook basin, or 
that part above Long fall in the west part of Henniker, appear to have 
been three in number, as follows: Southward, over the water-shed at 
the head of the valley in Rindge; towards the south-east, through Green- 
field; and northward, along the course of the river. The length of this 
area is nearly thirty miles; and the outlet in Greenfield is about equally 
distant from its south and north ends. 

The conspicuous kames, which extend five miles along the Vermont 
& Massachusetts Railroad between South Ashburnham Junction and 
Westminster, show that a large area of the ice-fields on the north-west 
poured their waters along this course. These kames are less than 200 
feet below the plateau in Rindge, twelve miles distant, which forms the 
water-shed at the head of the Contoocook valley. Although the present 
drainage of the south part of Rindge and of Wiiichendon is into Miller's 
river and the Connecticut, there is no considerable depression ; and the 
separation between this basin and the head of the Nashua valley, in 
which these kames are found, is not so high as the water-shed in Rindge. 
This area has not been explored; but the deposits of modified drift in 
Rindge make it probable that the melting of the ice-sheet, while its out- 
let continued in this direction, proceeded beyond this divide, including a 
portion of the Contoocook basin. 
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The priiicipal outlet from the part of this basin in Hillsborough county 
appears to have been through Greenfield soutli-easterly to Souhegan 
river. South from this pass the cast border of the Contoocook valley 
is formed by Pack Monadnock, Temple, Kidder, and Barrett mountains, 
which extend in a continuous range through the west portions of Temple 
and New Ipswich. Northward this valley has a high eastern water-shed 
two to four miles from the river, with no deep depression till we reach 
the pass through which we have supposed a former outflow towards Pis- 
cataquog river. The culminating points of this water-shed are at its 
south and north ends, in Crotched mountain and Craney hil!. 

When the melting of the ice-sheet had advanced so far as to open an 
avenue from this valley through Greenfield, we may suppose that large 
streams descended from the glacier to this point, by which the kames on 
the east side of the railroad south of the village, those between Hogback 
and Pollard ponds and along the road northward between Greenfield and 
Bennington, and those at Bennington station and for a mile north-west on 
both sides of Contoocook river, were in succession deposited. The fine 
alluvium of these streams was at first spread out in the level plain east of 
Cragin pond, while ice still remained over the area now occupied by this 
pond. A small lake was afterward formed by the melting of the ice on 
the north-west side of the pass. This lake received the finer drift brought 
down by the glacial rivers, producing the alluvial plain west and north- 
west from Greenfield. 

A channel appears next to have been formed farther to the north-west, 
skirting the hills upon the east side of the valley and walled on the west 
by ice. This became filled by the nearly level-topped and terrace-like 
gravel and sand seen on the east side of the Manchester & Keene Rail- 
road south from Bennington station, which seem to belong to the same 
date with the kames at this station and about Whittemore pond. The 
kames were probably formed in ice-channels which were narrow and 
somewhat higher than the former, with so rapid a descent that only 
coarse gravel was deposited in them by the summer floods, the sand be- 
ing carried onward to the quiet waters of the channel below, which was 
an arm of the lake. With the full melting of the ice, however, such of the 
kames as had been formed over the middle of the valley sank to its bot- 
tom, and are found at a lower level than the principal deposits of fine 
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gravel and sand, which remain nearly at their original height npon the 
hillside. 

The kames which we find south-west from Bennington, and a large 
portion of those north of Whittemore pond, are principally composed of 
sand and fine gravel. They were probably deposited at the mouth of 
the glacial streams where these entered the lake, nearly all the modified 
drift which was brought from the melting ice being thus accumulated in 
mounds, ridges, and terrace-like banks. The want of continuity in these 
deposits appears to be due to the irregular rate of melting and to the 
varying slopes assumed by the terminal front of the ice-sheet, the latter 
being determined by this rate and by the contour of the valley. 

The lack of stratified drift in the valley west from the Greenfield plain 
seems to show that the ice over this area, while it still confined the little 
lake on the east, had been melted nearly to this level, sending its alluvium 
to form this plain; and that the remainder disappeared from the valley 
without sufficient currents to form alluvial deposits. All the material 
which it still held was dropped as unstratified till, unless we except rare 
instances of kames like the isolated banks of sand seen on the hillside 
east of the river near the north line of Peterborough. 

The first deposit belonging to this period that we meet in going up the 
valley is the high level-topped sand north-west from North Peterborough, 
This and other terrace-like deposits extending to Peterborough appear to 
be of similar origin with those already noticed south of Bennington sta- 
tion. Kames of the common type, composed of coarse gravel and sand, 
occur one and two miles farther up the valley ; and they are increased in 
amount as we approach the line between Peterborough and Jaffrey, ap- 
pearing to have come principally from Sharon on the south-east. We 
may suppose that these, as in Bennington, were deposited at the same 
date with the sand which partly filled the opening channel below. This 
was a branch of the lake, and the sand fell in irregular and thin deposits 
with stratification conforming to the sloping sides of the valley. The 
occasional boulders which we find embedded in the alluvial deposits of 
this lake appear to have been dropped by floating masses of ice broken 
from the glacier which bordered its shores. 

Going down the valley we find evidence that the glacial melting ad- 
vanced beyond Hillsborough Bridge, while its outlet continued to be 
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through Greenfield. The last blockade of the ice-sheet in its retreat fo 
the north may have been at Long fall, in the west part of Henniker, 
where the high hills leave a narrower space than usual for the passage 
of the river. The large proportion of sand in the kames of the north 
part of Bennington is what we should expect, if their deposition was at 
the mouth of glacial rivers where they entered the lake. The most im- 
portant testimony, however, is given by high deposits of sand and fine 
gravel, like that on Hedgehog hill in Deering. The widened lake now 
filled the whole valley; and these deltas, brought in by glacial rivers or 
tributary streams, mark its height and shore Hne, and enable us to gauge 
the floods which were supplied from the melting ice. 

The earliest of these lake-shore deposits are the plain of Greenfield 
and that of Hancock village. Both of these have the same height 
with the outlet, over which there as yet flowed only a shallow stream. 
When the lake had advanced north to Clinton village in Antrim, the 
depth of its outflow was probably 20 feet, as shown by a level-topped 
ridge of sand and fine gravel exposed on the north side of Great brook 
and the road, a quarter of a mile east from Hastings's mill. This deposit 
extends a quarter of a mile to the north, and also occurs south of this 
stream, by which it was formed about at the level of the lake. High 
sand was also found three miles farther north, on the water-shed between 
Cochran brook and North Branch, at the south-west side of Riley moun- 
tain. This is two and a half miles due west from that on Hedgehog 
hill. Both these deposits are level-topped deltas of glacial streams that 
descended to the lake from the north, having the place of their inlet de- 
termined by the gap of the adjacent hills. Their heights are the same, 
and show that at the time of their formation 50 feet of water poured 
over the outlet in Greenfield, Somewhat later, when the lake reached 
its greatest extent and received its largest tribute from the more rapidly 
melting ice-sheet, the depth of water discharged was 80 feet, as shown 
by a delta-terrace half a mile south-west from Hillsborough Centre, and 
by plains which occur at the same height north-east of Hillsborough Up- 
per Village. All these deposits are level-topped, or nearly so ; and their 
position is generally on steep hillsides, with no barrier, if the drainage 
had been the same as now, to prevent their being carried forward to the 
bottom of the valley. Other deltas similar to these might probably be 
found by a more thorough exploration of the ancient lake shore. 



Hosted by 



Goosle 



MODIFIED DRIFT ALONG CONTOOCOOK RIVER. ng 

Heights of the Outlet and Deltas of the Lake -which filled the Conloocook 

Valley through Hillsborough County in the Ckamplain Period." 
Gullet of lake, ij miles south-east from Delta at Hancock village, 862. 

Greenfield, being the lowest point of Delta at Clinton village, Antrim, 8S3. 

water-shed between Contoocooli and Delta south-west of Riley mt., Antrim, 

Souhegan rivers {p. feet lower than 912-915. 

the railroad summit) , S63. Delta on Hedgehog liill, Deering, 905-gzo. 

Cragin pond, 830, Delta 4 mile south-west from Hillsborough 

Greenfield station, 834. Centre. 940. 

Pollard pond, 810. Delta north-east of Hillsborough Upper 

Delta cut by the railroad i mile north- Village, 942. 

west from Greenfield station, nearly Karnes at church and cemetery between 

the same in height with the fair- Hillsborough Upper and Lower Vil- 

ground, 864. lages, 930, 

The deptli of this lake was from 200 to 350 feet, as will be seen from the following : 
Heights along Conloocook River. 
Head of Long fall, near county line, 546. Foot and head of fall at North Peter- 
At Hillsborough Bridge, foot of falls, 564; borough, 714-724, 

lower dam, 576; upper dam, 591. Same at Peterborough, 727-734. 

At Bennington, foot of falls, 606 ; Paper- River at county line, about S75. 

mill pond, 635 ; Kimball's dam, 645 ; 

King's dam, 655; Whitney's dam, 

668; Powder-mill dam, 676. 

At length the melting of the ice along the lower part of the valley at 
the north-east met the already open portion which extended through 
Hillsborough county, and the drainage of the basin took its present 

* The heights frcm Gr«nhc1d ts Paper Mill ViLL^e Inclusive, £iv<n iu Vol. 1, p. ?5S, are too lov, requliioE 
and with those of Hon, J. A. Weston for Ihe Manchester & Keene and Monadnock railroads, published in Vol! 

IIiiEhU along Crral Brook, Antrim. Moulli of brook, foo; Thompson's mill-pond, 614; Goodell's Baw-mjll 
pond, 641 ; CoodeU's neit pond, 657 ; Poor's saw-miLL pond, 672 ; Uoodcll's cutlery-shop pond, 703 ; Ktlsey & 
Co.'s pond, 717 ; Baptist and Methodist churches, South Aiiirim, 719 ; road at Toot of sand delta, Cllalon vil- 
\i^, %ii : hay-!cales platform at CUnton village, £. Z. Hastings's house, and his mill-pond, each, 914 ; Gregg's 

Uiigkt! along North Branch in IHllsiorougk and Antrim. Month of Branch, 593 ; moutli of Beard's brook, 
near foundry, 600; Foundry mill-pond, 618; Young's (formerly Dickey's) mill-pond, 703; Tannery miU-pond, 
73S ; still iraler, ^ mile above Hillsborough Lower Vlliaee, 750. (The folloving heights of this stream in Antrim 
are from survey by G. C. Patten, in 1B74.) Foot of rapids, % mile oast of W. Cunis's, 7Si : Curtis's dam, %y. ; 

□Bs : proposed reservoir of .00 acres' above do., loj;: J. Loveren's dam, 1077; foot of'falh below do., 10114, 
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course to the north. The erosion of the high deposits in the south part 
of Peterborough and the tribute of streams near the source of the 
river now supplied the low alluvium which extends for two miles below 
North Peterborough. The kames in liennington probably also suffered 
considerable erosion, which, with the iniportatit streams on the west, fur- 
nished the similar low alluvial deposits of Antrim, Deering, and Hills- 
borough. 

Modified Duift of Winnipiseogee and SqpAM Lakes. 

The beauty of Winnipiseogee lake is due to its multitude of irregularly 
grouped islands, to the three long bays or arms into which its north end 
is divided, and to the winding outlines of its shores. The water-shed 
which bounds its basin reaches no point more than seven miles distant 
from the lake.* It passes over Belknap, Cropple Crown, and Ossipee 
mountains, and Red hill, which rise from 1,500 to 1,900 feet above the 
lake; but its other highest points are hills of half this height or less, 
which descend steeply to the west and south shores but have more gen- 
tle slopes on the east and north. Somewhat farther distant, at the north, 
the view from Winnipiseogee embraces Chocorua, Paugus, Passaconaway, 
Whiteface, and Sandwich Dome, which form the southern front of the 
White Mountains; and from many parts Mt. Washington is also visible. 
To know this scenery fully, the lake must also be seen from the moun- 
tains and hills by which it is environed. The most magnificent of these 
views is that from Red hill, which overlooks both Winnipiseogee and 
Squam lakes. 

The depth of Winnipiseogee lake was measured by the Lake Company 
at the same time that the survey of its area was made. The deepest 
place found was a short distance off the east shore of Rattlesnake island, 
opposite to its southern and lowest peak. The depth at this spot was 
slightly more than 200 feet. Between Rattlesnake and Diamond islands 
it was 190 feet; in Alton bay, opposite Fort and Gerrish points, 100 
feet, and at three fourths of a mile from its south end, 80 feet; in the 
broad portions of the lake, between Rattlesnake and Cow islands, from 
100 to 150 feet ; and between Cow island and Center Harbor, from 50 to 
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75 feet. The pre-glacial outlets from this basin were along the present 
course of the Winnipiseogee river and south-east from Alton bay towards 
Cochecho river. Both of these o!d outlets are partly filled with till or 
modified drift ; but it is certain that if these materials were wholly re- 
moved a large portion of the lake would remain, bordered by rock on all 
sides. 

The lowest points in the water-shed around Winnipiseogee lake, with 
their heights in feet above the lake, are the following ; Summit on railroad 
between Meredith Village and Pemigewasset valley at Ashland, 166, ten 
feet below the natural surface; at two and a half miles north from Mere- 
dith Village, about 140, and at same distance north from Center Harbor, 
about 100, these points being the lowest between this and Squam lake; 
the "Varney pass," between Moultonborough and the Bear Camp valley, 
about 150; summit on railroad between Wolfeborough and Salmon Falls 
valley, 164; between Smith's pond and Cook's pond, about 200; summit 
on railroad between Alton Bay and Cochecho valley, 72 ; and near Lily 
pond in Gilford, between the lake and Long bay, about 75 feet. The two 
last of these places show by their modified drift that they were formerly 
outlets of the lake. 

These lake basins lie upon the south side of the White Mountains, from 
which source we might expect a greater depth of ice to move southward 
and cover this area near the close of the glacial period than would at that 
time remain in other parts of the state to the east and west. The ice- 
sheet probably lay over Squam and Winnipiseogee lakes in a broad moun- 
tain-like ridge till after it was almost wholly melted away over the low- 
lands of York county, Maine, in the basin of Ossipee lake, and for some 
distance along the Bear Camp valley. The ice-current was thus changed 
in direction on this side, and the last stride marked on the ledges differ 
much from the prevailing course of about S. 40° E., being deflected 
towards the east or even to the north of east. This is shown by the fol- 
lowing observations, all of which are reduced to the true meridian.* 



Hosted by 



Goosle 



122 SURFACE GEOLOGY. 

Courses of Stria about Winnipiseogee and Squatn Lakes. 

On the Nortk-East and East Side. 

Nearly all of these are deflected easterly from the prevailing course of the ice-sheet ; 
probably because of its earlier melting in the basin of Ossipee lake. 



/« Holderntss. 
Road over Squam mountain, S, 60° E. 

In Sand'wich. 
At west line on road to Ashland, S. 80° E. 
Near north-east corner of Squam lake, N. 

85" E. 
At north foot of Red hill, N. 80° E. 

In Moultonborough. 
Near south-east town line, S. SS° E. 

In Tuftoti&orough. 
Near Melvin Village, S. 25= E. 
At Tuftonborough Corner, N. 70° E. 
Two miles south of last, N. 80° E. 



One half mile farther south, E, 

(The two last in Tuftonborough are on the 

hills west of Lower Beech pond.) 
In Wol/eborough. 
West side of Trask hill, S. 85° E. 
Summit of Trask hill, S. 50° E. 
One mile north-east from Wolfeborough 

Centre, S. 40° E., and E. 
Porcupine ledge, S. 60= E. 
/n Brookjield. 
North corner of town, S. 55° E. 
Two miles south of last, S. 70° E. 
North side of Tumble-down Dick, S. 75" E. 



On the West and South- West Side. 
These show the general direction of the ice-current, coinciding nearly with the longer 



axis of Winnipiseogee lake. 

Ashland village, S. 40° E. 

Center Harbor, commonly S. 40° E, 

In New Hampton. 
Above day-bed, two miles south-east from 

Ashland, S. 35" E. 
Harper's hill, S. 50° E. 
New Hampton centre, S. 40° E. 
New Hampton village, S. 50° E. 

In Meredith. 
Hill north-west from Meredith Village, S. 

40° E. 



Meredith Centre, S. 25" E. 

Highest hill, Meredith Neck, S. 40° E. 

In Gilford. 
North part, near lake, S. 35" E. 
Hill north-east from Lake Village, S. 35^ E, 
North-east part, near lake, S. 40° E. 

In Alton. 
Ridge west of Alton Bay, S. 40° E. 
Town line, east of Alton Bay, S 40° E. 



In New Durham, < 



lonly S. 40° E. 



The departure of the ice-sheet along the Merrimack and Pemigewasset 
valley appears also to have proceeded somewhat more rapidly than upon 
the higher land on its east side, so that over Winnipiseogee and Squam 
lakes the drainage from the melting ice was outward both to the east and 
west. 
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The noticeable feature in the surface geology of these lalces is the ab- 
sence of modified drift. Their shores are chiefly of coarse glacial drift 
or till, with occasional ledges. The neighboring basin of Ossipee lake, 
on the contrary, is characterized by very extensive and probably thick 
deposits of modified drift, presenting a remarkable contrast. These de- 
posits are also abundant in the Pemigewasset valley on the west. Their 
conspicuous absence from these intervening basins needs to be accounted 
for, and this seems to be due to different rates of progress in the depart- 
ure of the ice. The later continuance of the ice-sheet over these lakes 
turned all the drainage from the south side of the White Mountains into 
the Ossipee basin and Pemigewasset valley, and even caused the modi- 
fied drift, which was contained in this part of the ice, to be mostly car- 
ried away. Our explanation of the remarkable deflection of stria; on the 
east border of these lakes is thus attested also by the modified drift, as 
by a separate and independent witness. 

In describing the modified drift of this area, we will proceed from the 
mouth of Winnipiseogee river to the Wiers, and thence northward, in- 
cluding Squam lake, and passing around Winnipiseogee. The extent of 
these deposits is shown on the general geological map in the atlas. The 
interesting beds of clay and rarely of sand, overlaid by till, which occur 
at numerous places about these lakes, constitute a peculiar class of modi- 
fied drift found nowhere else in the state. The localities of ordinary 
modified drift will be first described, and afterwards the instances of clay 
or sand overlaid by till. An explanation of the probable mode of forma- 
tion of these different deposits will then be stated. 

The mouth of Winnipiseogee river at Franklin is 269 feet above the 
sea. Its fall in the last two miles of its course is 146 feet, and its whole 
descent from the lake is 344 feet. {See p. 103.) The modified drift of 
the Merrimack valley is well shown on both sides at Franklin, its highest 
terrace being 150 to 175 feet above the river; but the Winnipiseogee, for 
the last mile and a half before entering this valley, is bordered only by 
till or ledge. The first area of modified drift that we find on this stream 
lies between Cross's mill-pond and Tilton, extending about a mile along 
the river and as far to the south, where it lies principally on the west side 
of the railroad. This deposit of sand and gravel has a height 30 to 50 
feet above the river, slightly exceeding the upper terrace.s of the Merri- 
mack at Franklin. 
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At Tiiton, and for a mile above, the river has no moclifiec! drift. In the 
upper part of this distance the very steep slopes of till between which it 
flows indicate that a channel 50 feet deep may have been excavated in 
this material by the river. We next come to the largest area of modified 
drift found on this river. This extends nearly two miles along its north- 
west side, bordering Little bay nearly to East Tiiton. A large part of 
this deposit was brought by the tributary which comes from Sanbornton 
Square. An interesting kame, forming a ridge of veiy coarse water- 
worn gravel, $0 to 40 feet high and a quarter of a mile long, lies on the 
west side of this stream at the margin of the modified drift. From its 
east side a plain of coarse gravel, 30 to 50 feet above the river, extends 
a third of a mile eastward, beyond which to Little bay the height is less, 
being 10 to 20 feet above the bay, and the material is finer gravel or sand. 
The edge of the high plain of coarse gravel is cut by the railroad ; and 
the section shows the upper fifteen feet to consist of levelty stratified 
gravel, with its largest pebbles one foot or more in diameter, underlaid 
by several feet of sand, which is partly horizontal and partly oblique in 
stratification. The gravel is interstratified with the upper portion of the 
sand. This fine alluvium was probably brought by the large stream 
which comes in from Belmont, joining the Winnipiseogee from its oppo- 
site side at a short distance farther east. This tributary is bordered on 
the north by a wide sand plain, about 30 feet in height, which extends 
nearly two miles above its mouth. This was deposited in the Champlain 
period, since which time the stream has excavated a considerable portion 
of its plain, forming a wide meadow along its last mile. Previous to any 
erosion, this plain appears to have been continuous across the present 
channel of Winnipiseogee river; and we thus find a portion of it under- 
lying the coarse gravel which came from the opposite direction, being 
supplied abundantly at a little later date as the melting of the ice-sheet 
advanced to the north-west. 

The successive expansions of the Winnipiseogee riyer are called bays. 
In ascending the river they are met in the following order : 

Little bay, .; square miles. 473 feet. 

Sanbornton bay, i.o " 490 " 

Great bay (Winnisquam lake) 5.0 " 490 " 
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Round bay, .5 square miles. 501 feet. 

Long bay (of same height with Winnipiseogee lake), 1.9 " 5'3 " 

The east and north shores of Little bay and the south and west shores 
of Sanbornton bay north to Mohawk point, with the river between them, 
are destitute of modified drift; but it is found on the east shore of San- 
bornton bay, extending along the railroad from Ephraim's cove to Winni- 
squam station at the bridge between this and Great bay. This deposit 
consists principally of gravel, much of it containing pebbles a foot in 
diameter, and it has a height of lO or 20 feet above the bay. Its origin, 
and the cause of its accumulation along this margin of the bay, appear to 
be shown by the kame of coarse gravel, from 10 to 15 feet in height, 
which forms Mohawk point, and is connected with the east shore by a 
low bar of gravel and sand. On the west side of the bay, opposite Mo- 
hawk point and only a short distance from it, a higher bank of the same 
gravel occurs. These kames appear to have been formed in the channel 
of a glacial river, which came down from the north-west at a time when 
the ice covered the greater part of this bay. It had been melted away 
only along the east shore, which therefore received from this and other 
streams a border of modified drift. The sand plain, about 20 feet in 
height, which extends along the west side of the bay for a mile north 
from these kames, was brought down from the same direction after the 
ice had retreated from this area. 

The next deposit of modified drift that we find is the sand plain on 
which the south part of Laconia village is built. This is about one third 
of a mile square, and from 15 to 20 feet above Great bay. One half mile 
farther north a small deposit of gravel and sand is crossed by the railroad 
on the south-east side of Round bay. No modified drift was seen at 
Lake Village, and the hills rise steeply on each side. In digging for foun- 
dation for the dam and mills here, sand is said to have been found under 
sixteen feet of till. This sheltered situation has probably preserved a 
remnant of alluvium, which was deposited before the glacial period or dur- 
ing some temporary withdrawal of the ice. A half mile north-east from 
Lake Village we come to a sand plain, from 10 to 20 feet in height, which 
extends a half mile to the north and east. Before the ice-sheet was melt- 
ed away at tlie Wiers, the waters from the lake had their outlet at this 
place, passing over the low water-shed on the east near Lily pond. On 
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the north-west side of Long bay a small brook has brought down a deposit 
of sand and gravel which is crossed by the railroad. 

The mouth of Lake Winnipiseogee is a narrow channel called the Wiers, 
because o£ dams made, here by the Indians for taking fish. No modi- 
fied drift of the ordinary kind occurs near this outlet or along the shore 
of the lake north-west to Meredith Village. A small kame-like deposit of 
coarse gravel and sand, 40 feet above the lake, occurs a short distance 
north-east from Meredith depot; and alluvial sand about 25 feet in height 
borders the brook which flows into the head of this bay and extends half 
a mile eastward along the lake shore. Wukawan lake and Long pond, 
which lie on the north-east side of the railroad above Meredith, are the 
same in height, being 36 feet above high water in Winnipiseogee lake. 
They are separated by a swampy area, but with this exception are sur- 
rounded on all sides by till or ledge. Another Long pond, one half mile 
east of Center Harbor and about 10 feet above the lake, has a small area 
of alluvial sand and clay at its outlet. 

The shores of Squam and Little Squam lakes, like those of Winnipi- 
seogee, are almost wholly composed of till or ledge. The only modified 
drift seen in a journey by the roads along the east and south sides of 
Squam lake was at a point a mile and a half south-east from White Oak 
pond. This consists of kame-like gravel and sand, irregularly stratified, 
with occasional large boulders on the surface. A well defined kame, 15 
to 2$ feet high, extends a fourth of a mile west from the bridge between 
these lakes along the north shore of Little Squam. This ridge contains 
frequent angular boulders up to three or four feet in diameter. Squam 
river above Ashland is bordered by low alluvium a few hundred feet 
wide. Its total descent is no feet, nearly all of which is utilized for 
water-power. 

At the head of Moultonborougb bay we find swampy land along its 
east shore for a mile, and farther east an extensive deposit of sand, un- 
dulating and partly covered with pines, reaching a mile from the lake, 
with its highest portions 40 feet above it. The next modified drift is 
four miles to the south-east at Melvin village. Melvin river here brought 
down in the Champlain period a small plain of gravel and sand, which 
since that time has been partly excavated by the stream, and partly un- 
dermined and carried away by the lake, so that it now forms a terrace 20 
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feet high. Another tributary to the lake a mile farther south-cast is bor- 
dered by terraces of similar height near its mouth. On the north-east 
side of Twenty-mile bay, two miles south from Melvin village, a bold 
shore of coarse till, with many targe boulders, is bordered by an old 
beach, about 300 feet long and 100 wide, which slopes from the water's 
edge to ten or twelve feet above high water. It is composed of fine 
stratified sand, which is clayey below a foot or two of the surface. No 
tributary occurs here, but a small stream at an eighth of a mile south- 
east has brought down considerable alluvial sand, none of which, how- 
ever, lies more than five feet above high water. 

Karnes. Half a mile farther south we find a kame extending two 
thirds of a mile from north-west to south-east along the top of a hill 
about 100 feet above the lake. It does not form a definite ridge, and could 
hardly be distinguished from the till by its contour. Its materials are 
coarse and fine gravel and sand interstratified. Boulders are enclosed in 
many portions, but a well at Charles G. Edgerly's, 30 feet deep, encoun- 
tered no boulders, being all the way through sand or fine gravel. Nine- 
teen-mile bay and brook are a half mile farther south. Here the road 
passes over the alluvium brought down by this brook, which, like that at 
the head of Twenty-mile bay, is only three or four feet above the lake. 
Nineteen-mile brook is bordered by considerable widths of low alluvium 
for two miles above its mouth, to where it is crossed by the road a mile 
and a half south from Mackerel Corner. From the brook to this village, 
and for a half mile farther north, kame-like deposits of limited amount are 
seen here and there at heights of 100 to 200 feet above the lake. East 
from this road interesting kamcs extend more than a mile along the 
north-east side of Nineteen-mile brook. These cover a width of a fourth 
of a mile, consisting of successive small plains from half an acre to two 
or three acres in extent, usually surrounded by hollows, and rising one 
after another from 30 or 50 to 100 feet above the stream, or fully 150 feet 
above the lake. These small level-topped deposits consist of sand and 
water-worn gravel, with the largest pebbles about one foot in diameter. 
Boulders are occasionally but not frequently enclosed. These karaes 
begin about two miles south-east from that described between Twenty- 
mile and Nineteen-mile bays. These and the similar deposits which oc- 
casionally appear about Mackerel Corner probably had a common date 
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and cause. Advancing to the south-east we leave the modified drift, but 
cross a water-shed which is probably lower than the highest of these 
kames, and thence follow Hersey brook to Smith's pond. A sandy plain, 
about so feet above the pond or 75 feet above the lake, is found on the 
west side of this brook near its mouth, covering about half a mile square. 
The shores of this pond, like those of the lake, are almost entirely till or 
ledge. 

Upper Beech pond, covering perhaps 150 acres and about 300 feet 
above Lake Winnipiseogee, is situated a mile and a half north-east from 
the kamcs last described. Its outlet is to Ossipee lake by Beech river, 
but only a very slight barrier at its south-west side prevents its flowing 
to Winnipiseogee lake by Nineteen-mile brook, This barrier consists of 
a kame, which in its north-west portion is a nearly 
level plain three or four acres in extent, but for 
several hundred feet south-east from this it is nar- 
rowed to a mere ridge. The gravel of the small 
plain is but slightly water-worn, the rock fragments 

beinEf from a foot to a foot and a half in size. The 
. .J,. _, . —South end of ° 

Upper Beech Pond, ridge consists of sand or finer gravel, in which 
WoLFEBOROUGH. fragments larger than six inches are uncommon, 

cae, jnci j . xhis whole deposit is bounded by steep slopes both 

against the pond and on the opposite side. The height of the plain is 
20 to 30 feet above the pond ; that of the ridge declines to only ten feet, 
and at its east end to only three feet above the pond, while its south-west 
slope falls abruptly to 20 or 30 feet below it. Large springs fed from the 
pond issue at the bottom of this bank. Except at this point and its out- 
let, this pond is surrounded by high hills ; and no other kame-lilcc deposits 
occur on its shores or in the steeply sloping valley that descends towards 
the south-west from this barrier. 

The shores of the lake through Wolfeborough have no modified drift 
worthy of note. It is next met with in Alton, about a mile cast from 
Fort point and the mouth of Alton bay. Proceeding eastward from the 
mouth of the bay, we soon come to a hill more than 200 feet high, and at 
its east side find an area of considerable width, which is only 50 to Co 
feet above the lake, and extends about two miles from north to south 
between the lake and the bay at Gerrish point. Where this area is 
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crossed by the road to Fort point, it is a level, sandy plain, but south- 
ward it is partly occupied by a similar plain and partly by kames, which 
form mounds and ridges, extending from north to south, with the inter- 
vening hollows 20 to 30 feet deep. The material of the kames is water- 
worn gravel, containing pebbles up to one or two feet, and often enclosing 
boulders of all sizes up to six or eight feet in diameter. 

On the west shore of Alton bay, south-west from Gcrrish point, we 
find kames and level-topped mounds of interstratified sand and gravel, 
with occasional large boulders enclosed or on the surface. These rise 
about 50 feet above the lake, and border its shore for nearly a half mile, 
extending southward from the mouth o£ the principal valley or opening 
among the hills on its west side. With these exceptions, till and ledge 
form the shores of this bay till we come to its end at the south extremity 
of the lake. 

From Alton Bay station a continuous area of modified drift, varying 
from one fourth of a mile to nearly two miles in width, extends towards 
the south-east along Merrymeeting river and across the low water-shed 
only 72 feet above the lake, which separates this basin from the head of 
the Cochecho valley. A kame, forming a well defined ridge 40 to 60 feet 
high, extends nearly a mile southward from the lake. It lies for the first 
third of a mile on the west side of the railroad, by which it is then crossed 
twice, thence continuing to the south close upon the west side of the 
river. It is mainly composed of coarse water-worn gravel, which con- 
tains rounded boulders up to two or three feet in diameter. It also con- 
tains occasional angular boulders of larger size, and in some portions the 
ridge is made up almost wholly of such angular blocks one to four feet in 
diameter. Deposits of fine gravel and sand reach an equal height along 
this distance on the east side of the river. 

Alton village is situated about 60 feet above the lake on a level plain, 
the north part of which is coarse gravel full of pebbles three inches to 
one foot in diameter, while its south portion is finer gravel or sand. To 
the south-east the alluvium is nearly two miles wide, and consists of plains 
of sand or fine gravel, and low, marshy meadows. The former do not ex- 
ceed 60 to 70 feet above the lake, or about 30 to 40 above Merrymeeting 
river. No kames were seen between Alton and New Durham station; 
but a short distance from this station a kame 25 feet in height was seen 
VOL. III. 17 
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on the west side of the railroad. The wide alluvial area here forms a 
water-shed ; and half a mile farther south-east we come to a considera- 
ble stream, which is one of the principal sources of Cochecho river. The 
modified drift continues about a half mile farther, consisting of very coarse 
irregular kames on the west side of the stream, while on the east side is a 
plain of fine grave! or sand about 30 feet in height. The next four miles 
of this valley, extending nearly to Farmington, has a rapid descent, and 
is nearjy destitute of modified drift. 

North-west from West Alton frequent kame-like deposits are found 
along the road for three fourths of a miie. These consist mainly of sand 
and gravel interstratified, with numerous boulders enclosed or on the 
surface, and are disposed in nearly level-topped, irregular terraces, with 
gently-sloping escarpments. Similar kame-like terraces occur in Gilford 
at two and three miles farther to the north-west. These all lie upon hill- 
sides of till or ledge, which border the lake, at a height of about 75 feet 
above it. Alluvial sand only $ to 10 feet above the lake has been depos- 
ited by a small brook near the north-east corner of Gilford, and also by 
a stream which enters the lake below the last mentioned terrace, coming 
from the valley east of the Belknap range. 

Two miles farther west we come to a large alluvial area, which borders 
Gunstock river and Meadow brook, extending nearly a miie in width from 
the lake to Lily pond, thus forming the water-shed probably not more 
than 75 feet in height between the lake and Long bay. This modified 
drift is gravel, sand, or fine silt, with a quite regular surface which slopes 
gently to the lake. A considerable tract of it is interval, being over- 
flowed by the freshets of Gunstock river. A continuous area of modi- 
fied drift appears to extend north from Lily pond to the lake at a point 
about one mile east of the Wiers. We here find, south from the bridge 
to Davis island, very well marked kames, which form north and south 
ridges 50 feet above the lake. They consist of water-worn gravel, with 
pebbles up to one foot in diameter, and enclose occasional boulders, A 
terrace of similar materials borders the hills on their west sides. 

All the ordinary modified drift which we found in our exploration of 
these lakes has now been mentioned. A more remarkable class of 
deposits, which has not been met with in other parts of the state, remains 
to be described. 
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Modified Drift overlaid by Till. 

Numerous beds of clay, nearly horizontal in stratification, but overlaid 
and underlaid by coarse unstratified glacial drift or till, are found on hill- 
sides up to heights 200 or 300 feet above Winnipiseogee lake. Similar 
beds of sand appear on hills east of Alton bay. In describing these de- 
posits, we will begin at the Wiers, and proceed around the lake in the 
same order as before. 

The first of these clay beds overlaid by till is beside the railroad, a 
short distance north-west from Wiers station, where it is worked by A. 
Doe & Son for brick-making. This is blue clay, finely laminated and 
nearly horizontal, dipping perhaps 5° to the south-east. At one place 
where the excavation has reached the bottom of the clay, it is underlaid 



Fis- 28.— Section near Wiers. Distance, i mile ; vertical scale, "*■ 
I inch^^4oo feet. 

by four feet or more of quicksand. This is at a height of about 25 feet 
above the Jake. The thickness of the clay is fuliy thirty feet, and it is 
exposed by an excavation about 100 feet square. The clay is directly 
overlaid by two to six feet of coarse till, which contains angular boulders 
up to six feet in diameter. This is upon a hillside which rises roo feet 
higher, and appears on the surface to be wholly composed of till ; but 
much of this is probably underlaid by a stratum of clay at no great depth. 
This clay comes to the surface at A. Doe's house, about 1 50 feet above 
the lake, where a well 27 feet deep encountered no other material. The 
well filled with water from thin, sandy layers ; but most of this clay did 
not show its lines of stratification plainly, and was inclined to break 
with a conchoidal fracture into small pieces. At both places the clay is 
free from stones or gravel, except that small boulders, usually less than a 
foot in diameter, are occasionally found embedded in it. 

In New Hampton, two miles south-east from Ashland, a large deposit 
of clay similar to that at the Wiers occurs on land of Oren Plaisted, lying 
on the east slope of a high hill. The drainage is into the Pemigewasset 
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river. The height of this clay is, by estimate, 350 feet above the river 
and nearly 250 feet above its highest terraces, or about 800 feet above 
the sea. A weU at Mr. Plaisted's house showed 15 feet of till underlaid 
by 18 feet of clay. A few rods farther north, at nearly the same height, 
the clay is covered by only one or two feet of till. About fifteen rods 
farther north-west, on the steep hillside and some 30 feet higher than 
the foregoing, a small excavation for brick-making shows a bed of clay 
ten feet thick, and probably extending deeper, overlaid by two feet of till. 
This clay is free from pebbles, but occasionally shows layers of sand half 
an inch thick. Its stratification is nearly level, but slightly anticlinal, 
dipping a few degrees at the north and south sides, 

Some light is probably thrown upon the origin of these deposits by a 
section (Fig. 29) which was observed by the roadside between Ashland 
and Little Squam lake. On the surface was coarse upper till, 3 feet deep, 
.„ . showing no marks of stratification, and 
ibiy !iraiifisd consisting of sand and gravel mixed 
•Miiii. with abundant angular boulders of all 

Fig. 29.— Section in Ashland, sizes up to four feet in diameter. Next 
was a dark blue clay, 10 feet thick, plainly stratified, but not finely lami- 
nated, and containing many fragments of rock up to six inches in diame- 
ter. Next below, and separated from the former at a definite line, was 
the compact unstratified lower till, which is here dark and clayey, and 
contains many glaciated stones up to a foot and a half in diameter. 

South of Squam bridge the steep north slope of a hill which rises from 
the shore of Little Squam lake has a layer of clay, stratified and free 
from pebbles, which is overlaid by one to three feet of till. The clay is 
four or five feet deep, but how much deeper is not known, and it is said 
to extend from near the lake shore to a height 150 feet above it. 

On the east side of Squam lake the farm of John Wiggin, in Moulton- 
borough, has frequent deposits of clay similar to that last described. At 
about fifteen rods south-west from the house and about 100 feet above 
the lake, this was used for brick-making fifty years ago. The side of Red 
hill, which rises near at hand on the east, is said to have in many places, 
to a height 300 feet above the lake, a stratum of clay imderlying one to 
three feet of coarse till. On the north side of this lake the clay on land 
of the Messrs. George, in the south-west comer of Sandwich, which vi'as 
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extensively worked for brick-making fifty years ago, appears from de- 
scription to belong in the same class with the foregoing. 

No deposits of this kind were beard of about the north end of Winni- 
piseogee lake from the Wiers to Melvin Village. The well of Mr. Stock- 
bridge, in the eastern part of this village, about 25 feet above the lake, 
showed 6 feet of till underlaid by 10 feet of clay, followed by 6 feet of 
water-worn gravel, which contained copious springs. Less than a mile 
to the south-east a well at J. Tate's showed 8 feet of coarse till and then 
4 feet of clay, underlaid by coarse, water-worn gravel. Chas. H. Copp's 
well, 400 feet farther south-east, showed 4 feet o£ coarse till, underlaid 
by 23 feet of fine, stratified blue clay, beneath which z 

water came in abundantly from a thin layer of gravel 
which rested on a ledge. The former is about 30 and ; 
the latter about 50 feet above the lake. One mile i 
farther south a similar deposit of clay, about 30 feet | 
above the lake, has been used for brick-making. It | 
lies a short distance east from the school-house near 
the head of Twenty-mile bay. On the south-west 
side of Black island, a mile distant from Melvin vil- 
lage, two or three acres, 10 to 15 feet above the lake, 
have a thin layer of till, with many large boulders on 
the surface, underlaid by clay, stratified and free from ', 
pebbles, at least four or five feet in depth. 

At Wolfebo rough, the hillside of till south-east 
from the bridge has an underlying stratum of clay. 
Wells at the Glendon house, about 25 feet above the 
lake, show some 6 feet o£ till, then an equal depth of 
clay with till beneath. Near the Pavilion, about 50 
feet above the lake, a well showed 8 feet of coarse 
till, then 2 feet of ferruginous earth, then 12 feet of 
clay free from stones, underlaid by the compact stony n ^, 1* -^^^ 
lower till. About thirty rods south-east from the last %■ - ■ 
a well passed through S feet o£ till, and then through E. s g-8 ^ 
4 feet of clay, which was underlaid by till. About ' -"-' 
the same distance farther south-east a well at J. Hanson's found this layer 
of clay only one foot thick, occurring 10 feet below the surface. The last 
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two places are only a few feet higher than that near the Pavilion. Nearly 
all that part of the village which lies south-east from the bridge is built 
on a thick mass of till, which encloses a continuous stratum of clay. 
North-east from the Pavilion a slope descends in about twenty-five rods 
to a small pond, which is tributary to the lake and of the same height. 
This slope has a surface of till, with numerous boulders; but excavations 
for brick-making show that the clay beneath has a thickness of folly 20 
feet, with its bottom resting on til! only a few feet above the lake. The 
till on the surface is i to 8 feet deep. This clay is free from pebbles, and 
is finely laminated in Its lower portion, while its upper part sometimes 
crumbles into small angular pieces. No deposits of clay appear to occur 
in the thinner till which covers the hillside north-west from the bridge. 

At Clay point in Alton, three miles south-west from Wolfeborough, 
the lake shore rises steeply from 10 to 40 feet, and from the top of this 
escarpment the surface, which is coarse till, has a very gentle upward 
slope. The lower part of this bank consists of a stratum of clay which 
was worked forty years ago for brick-making. This was at the end of the 

point where there 

was at least fifteen 

feet, and perhaps 

f\^^^;^^^<^ / ■ — ■ ■ ■ • ' - °">"- considerably more, 

T T^ ^^^^^^^^^r S;;:'^t?l^"'■ of finely laminated 

blue clay free from 

Scale of map, pebbles, with its 

f^" bottom nearly at 

the level of the 
lake. It was underlaid by a stratum of coarse, water-worn gravel, con- 
taining iron-rust. This abrupt bank, which extends around the point 
fully a quarter of a mile, has resulted from the excavation of the clay 
by the waves of the lake. 

Near East Alton, two miles south-east from this point, a bed of 
gravelly and somewhat stony clay, at least seven feet in thickness, is 
overlaid by two or three feet of till at a height of about 200 feet above 
the lake. A mile and a half west from this place, clay of good quality, 
finely laminated and free from pebbles, occurs on the north and north- 
west side of a hill, at a height of 150 feet above the lake. Both these 




Fig. 31. Fig. 32. 

Map and Section of Clay Point, Alton. 

I inc!i:z:l mile. Contour lines are shown for each 
above the lake. 
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deposits have been used for brick-making, and the latter has been exca- 
vated at two places an eighth of a mile apart. It is overlaid by about two 
feet of till, and a well showed the thickness of clayto be 13 feet, under 
which was a water-bearing layer of gravel. 

From this clay-bed a valley about 40 feet in depth descends to the 
south at the west base of the hill, which on this side is ledge. The bot- 
tom and the steep west side of 
the valley are composed only of 
modified drift, being fine silt or 
sand; while only till with many 
large angular boulders up to 10 



-,,^11^^-r;;^. Clay beds. 

'■ !• tti''^-:-?K':^"i rr show" 



Fig- 34.— Section crossing Fig. 33, 
Horisontal scale, i inchr^j mile ; ver- 
tical scale, I inchi^-400 feet. The 
dotted line at the base represents 
the level of the lake. 



Fig- 33- — Map of a small area in Alton, 
TWO MILES SOUTH FROM Clay Point. 

Scale, I inch=^i mile. Contour lines are 
shown for eacli 10 feet, the highest lieing 
200 feet above the lake. 



feet in size forms the top of its west bank and the irregular surface, 
which thence descends westerly to the alluvial area previously described 
on page 129. The contour of this locality is shown in Fig. 33 ; and Fig, 
34 shows the apparent position of the sand 
underlying the very coarse till. Less than 
a mile farther south a similar valley is seen 
from the highway on its east side a short 
distance north of M. Adams's house. The 
contour and probable section at this place 
are shown in Figs. 35 and 36. Here it 



Fig- 35-— Map c 
IN Alton, three miles south 
FROM Clay Point. 

Scale, I inch^i^i mile. Contour 
lines are shown for each 10 feet, 
the lowest being 50 and the 
highest 200 feet abovethe lake. 




Fig. 36.— Section crossing Fig. 35. 
Horizontal scale, i inch^i mile; vertical scale, 
I inch^oo feet. The dotted line at the base 
represents the level of the lake. 
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appears that a thick deposit of sand underlies a thin surface of till upon 
a hillside between the heights of 100 and 200 feet above the lake. These 
localities have beconle noticeable because a great depth of sand has been 
excavated by rivulets. Probably thinner deposits of sand exist in many 
places underlying till, but not having an economical value like the clay, 
they have escaped notice. 

At the north-west ends of Rattlesnake and Davis islands deposits of 
clay are found similar to that of Clay point, and in former times it has 
been excavated at both these places for brick-making. The same abrupt 
bank from 20 to 30 feet high forms the shore, and the surface of coarse 
till slopes gently upward from its top. The underlying clay-beds are free 
from pebbles and plainly stratified. 

Review and Conclusions, 

These numerous examples make it probable that many other similar 
deposits exist about these lakes, since their presence is not usually indi- 
cated on the surface. In considering the question of their origin, we 
notice that these beds of stratified clay and sand are uniformly overlaid 
by a comparatively thin covering of unstratified glacial drift, which in 
every instance is probably wholly made up of the loose, sandy, and very 
coarse material which we have called upper till. It is remarkable that 
no similar deposits are found on the hillsides without this thin covering 
of til!. The examples found, however, do not lie in the pathway of any 
stream which could be supposed to bring the modified drift, or to exca- 
vate and carry it away if any had been left on the surface; instead of this 
they occur on the rounded slopes of hills at all heights from the lake 
shore to 200 or 300 feet above it. If any clay beds had been left in such 
situations without a covering of till, they would remain to the present 
time, and would be worked in preference to others for brick-making. It 
is also remarkable that these deposits frequently extend in a stratum of 
varying thickness over a considerable area of hillside, sometimes appear- 
ing to be continuous upon a slope which rises 100 feet or more in vertical 
height. In all cases, however, where the stratification has been seen, it 
is approximately horizontal and not conformable to the slope. 

The section observed near Squam river in Ashland (p, 132) indicates 
the probable position and mode of formation of these deposits of clay 
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and sand. They appear to lie between the two members ot the coarse 
glacial drift, which we have denominated upper and lower till. In other 
portions o£ the state these are distinct from each other, and in a few 
instances they have been found to be separated by a thin layer of gravel 
or sand; but generally they are divided at a definite line, with no inter- 
vening stratum of modified drift. This section in Ashland shows that 
between the lower and upper till a depth of ten feet of stony stratified 
clay was deposited ; and this seems to have taken place beneath the edge 
of the ice-sheet shortly before the completion of its melting, which con- 
tributed the three feet of upper till lying on the surface. 

The ice-sheet probably remained in a high mountain-like mass over 
these lakes after it had disappeared on each side from the basin of Ossi- 
pee lake and from the lower part of the Pemigewasset valley. As the 
melting continued, the drainage over this area was frequently obstructed 
because the ice-sheet retreated from the lines of water-shed towards the 
middle of these hydrographic basins. The water seems then to have 
melted large open spaces beneath the ice near its margin, in which beds 
of clay and sand were deposited. This would occur at the various heights 
and in the situations where these beds are found, and the till which over- 
lies them is shown by its material to be that which was contained in the 
ice-sheet and fell upon the surface when its melting was completed. We 
thus see how these deposits came to be spread over the slopes of the 
hills, thinly covered by large boulders and till. The frequent accumula- 
tion of such deposits in other parts of the state was prevented by un- 
obstructed drainage from the melting Ice. This modified drift overlaid 
by till does not therefore appear to bear testimony to a warm inter-glacial 
period, or even to any retreat and subsequent advance of the ice. 

The course of the rivers which flowed from the melting ice-sheet over 
this area can still be pointed out. The extensive deposits of modified 
drift in New Durham and Alton mark a long continued outflow to the 
Cochecho valley. When the terminal front of the ice had retreated to a 
point a short distance north-west from Alton village, it seems to have re- 
mained nearly stationary during the deposition of the plain on which this 
village is built. At the same time the kame which lies between this 
point and Alton Bay was formed in an ice-walled channel During the 
recent or terrace period portions of these deposits have been excavated 
VOL. III. 18 
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by Merrymeeting river. The kames on the west side of Alton bay, a 
mile and a half farther north, were formed at a later date, while the outlet 
was in this direction. When the ice-sheet had retreated nearly to the 
mouth of this bay, the outlet from its melting over the lake at the north 
was along the low area a mile east of Fort point. As the melting of the 
ice advanced towards the north-west, the kame-like terraces near West 
Alton, and those in the north-east part of Gilford, were probably depos- 
ited at the mouths of glacial rivers. Their height is that which the lake 
held when its outlet was to the Cochecho valley. The series of kames in 
Tuftonborough and Wolfeborough (p. 127) was probably formed at nearly 
the same time by a glacial river from the north-west, after the ice had 
disappeared from the south end of the lake and from the basin of Smith's 
pond. The kames between Davis island and Lily pond indicate that the 
drainage from the ice-sheet was by this avenue before it was melted at 
the present outlet a mile farther west. A kame on the north side of Little 
Squam lake marks the outflow from the melting ice-sheet over that basin. 
The other deposits of modified drift about these lakes have been 
brought down by short streams, and are scanty in amount because the 
principal drainage of this area in the Chaniplain period was outward on 
all sides. They appear to have been formed in the same way that deltas 
are spread out nearly level at the mouths of tributary streams, often at an 
elevation much above the floods in the main valley. The height of the 
lakes during this deposition may therefore have been the same as now. 
If they had ever stood for any long period at a greater height, the hill- 
sides of till would be marked by a line like that of the present shore. 
This is mostly composed of till, which presents a wall of boulders four or 
five feet high, its finer portion having been washed away by the waves. 

Modified Drift along Magalloway and Androscoggin Rivers. 

Mr. J, H. Huntington has kindly supplied information in regard to the 
modified drift of the Magalloway and the upper portion of Androscoggin 
river. He has also mapped the alluvial areas along the Upper Ammo- 
noosuc river. The general geological map in the atlas shows the extent 
of these deposits in New Hampshire, so far as definite boundaries can be 
drawn.* 
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The level tracts on Magalloway river are described as especially re- 
markable for the occurrence of sloughs or small ponds, which are almost 
invariably found at a short distance on one or the other side of the 
stream. The river-banks are everywhere low, and the wooded plains, 
extending in places one half mile from the river, with a height rising 
from 10 to 25 feet above it, consist of gravel, which is not often so coarse 
as to have pebbles a foot in diameter. These are the characteristic feat- 
ures of this river for most of its length, both above and below Parma- 
chena lake. The only exceptions are the three or four miles just below 
this lake, and about two and a half miles, called Escahos falls, next above 
Wilson's Mills, where only the glacial drift is present, over which the 
river descends in rapids obstructed by boulders. Along the greater por- 
tion of its course the descent is very slight, and the crooked stream winds 
slowly from side to side along its gravel plain. There seem to be no 
kames on either this or the upper part of Androscoggin river. 

The fine alluvium brought down by the Magalloway has filled up a 
considerable area about the mouth of Umbagog lake, forming an exten- 
sive bog at the border of the lake, and reaching a height of lo to 15 feet 
along the lower part of this river's course and on the Androscoggin to 
Errol dam. There are no rapids below Wilson's Mills, and the Magallo- 
way is navigated as far as to Wentworth's Location by a steamboat from 
the lake. On other sides this lake has mainly hilly and rocky shores. 
Its height is 1256 feet above the sea. 

Clear stream, along nearly its whole course from Dixville notch to 
Androscoggin river, is bordered by low sandy plains. 

The modified drift of the Androscoggin above Dummer, along the dis- 
tance which has no road, is described as consisting of tracts of swamp, or 
of stratified gravel and silt in some places one half mile in width, having 
a height of 10 to 25 feet. These are along level portions of the river, 
which alternate with rapids where the glacial drift, or till, extends in gen- 
tle slopes to the stream. 

The exploration of the Androscoggin river, with special reference to its 
modiiied drift, extended nearly to the east line of Dummer, Below this 
point the river flows south-westerly four miles to Pontoocook falls, and in 
this distance is bordered on the north-west side by considerable areas of 
alluvium from 20 to 30 feet above the river, extending from one half to 
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three fourths of a mile wide on Newell's brook, and on the stream which 
is the outlet of Dummer ponds. These tracts consist mainly of sand or 
fine silt, and are very level and in many portions swampy. On the south- 
east side the river is bordered by a narrow margin of modified drift, 
beyond which the hills rise from lOO to 200 feet above the stream, 

Pontoocook falls extend about a mile from the most western point 
reached by the river, which here flows between hills of till or ledge. 
Near the foot of these falls is Pontoocook bay, which is an expansion of 
the river containing several islands. This is bordered by sandy terraces ; 
and thence southward for ten miles, extending through Milan and nearly 
to Berlin falls, the modified drift is continuous, being usually one eighth 
to one third of a mile wide upon both sides of the river. This consists 
of sand or gravel, which is not often very coarse. About half of its 
whole width is interval, being from 5 to 15 feet above the ordinary 
height of the river ; and all above this is irregular in contour, with no 
well defined terraces, the modified drift reaching in irregular slopes about 
40 feet above the river. The Androscoggin along this distance is nearly 
level, having a height of about 1,050 feet above the sea ; and the hills on 
each side are of moderate height and gentle slopes. 

At Berlin Falls the precipitous front of Mt. Forest rises close at hand 
on the west, and the river here enters the White Mountain area. Along 
the rest of its course in New Hampshire, and for some distance in Maine, 
the valley is closely bordered by high and abrupt mountains. From the 
bead of Berlin falls the river descends nearly 2CX5 feet in the first mile, 
and its current is rapid to the east boundary of the state, which it crosses 
at a height of 690 feet above the sea. For the first five miles of this dis- 
tance the course continues to the south towards the highest of the White 
Mountains ; but at Gorham the river turns at a right angle, and after flow- 
ing nine miles to the east it enters Maine. The very rapid portion of the 
river at Berlin Falls is destitute of any modified drift, and the channel is 
principally ledge. Below these falls the modified drift through Gorham 
and Shelburne is continuous on one or both sides, though often narrow, 
and it is nowhere more than a mile between the steep mountain walls 
which enclose the valley. 

■Through Gorham, the terraces which border the Androscoggin are 10 
to 50 feet in height, and they are best shown on the west and south sides 
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of the river. They consist almost wholly of gravel, which is often very 
coarse, and in the highest terrace is sometimes but slightly water-worn, 
and scarcely distinguishable from till. At the sharp bend of the river, a 
mile north-west from Gorham village, three terraces occur on the east 
side, 10, 30, and 40 feet in height. The latter appears to represent the 
ancient continuous flood-plain at the close of the Champlain period. The 
village of Gorham is built on a lower terrace, 25 feet in height, which 
extends nearly level for a mile between Moose and Peabody rivers. Re- 
mains of the ancient fiood-plain form terraces of coarse gravel, from 20 to 
30 feet higher, which occur on the north side of the Androscoggin oppo- 
site the mouth of Moose river, on the south side of the railroad in the 
west part of the village, and on Academy hill, which is an isolated rem- 
nant that escaped erosion because partly protected by ledges. 

Peabody river, for a mile before entering this valley, is bordered by 
steep banks of extremely coarse modified drift, or perhaps till, from 40 to 
100 feet high. The space between these banks was formerly filled with 
similar material, which has been excavated by the stream during the 
recent or terrace period. 

In Shelburne the modified drift occurs principally at two heights. The 
upper terraces are the remnants of the river's flood-plain in the Cham- 
plain period. They are from 50 to 60 feet above the river, with a nearly 
level surface, and bordered by steep escarpments. Their material is 
usually gravel, which is frequently very coarse, but in some places it is 
mainly sand. A mile and a half east from Shelburne village, several 
small ponds occur in hollows upon this terrace plain. The lower terrace 
is interval, being only from 5 to 15 feet above the ordinary height of the 
river. 

It is a noticeable feature of the intervals of this part of the Andros- 
coggin and of the upper portion of Saco river, that they are often com- 
posed of a substratum of coarse gravel, containing pebbles one foot or 
more in diameter, above which is a layer of fine silt three to six feet 
thick forming the surface. The coarse gravel is like that which often 
forms the river's bed in the vicinity of the mountains ; and these sections, 
which are exposed in the banks now being undermined by the river, show 
that it formerly had its channel in nearly the same place as now but at 
a greater height, having flowed upon the surface of the layer of gravel. 
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Since that time the river has been changing its course, and the overlying 
fine silt has been deposited from its floods npon the deserted river-bed. 

Modified Drift along Saco River and in the Basin op Ossipee 

The areas which are occupied by modified drift in this part of the state 
are delineated on the general geological map in the atlas ; and a special 
map on Plate VI shows the extensive plains about Ossipee lake.* 

The south-eastern part of the White Mountain district is drained by 
the Saco, which has its farthest sources in Saco pond and Mt. Washing- 
ton river. The water-shed at the Crawford house, which divides this 
from the Lower Ammonoosuc river, is formed by a deposit of very coarse 
modified drift {p. 63), which was swept down into this mountain pass in 
the Champlain period. Its height is 1,900 feet above the sea; and Saco 
pond, which fills a depression in this deposit, is 20 feet lower. The small 
stream which issues from this pond passes through the White Mountain 
Notch, falling 600 feet in the first three miles, and nearly as much more 
in the next nine miles. Along this distance it flows between lofty moun- 
tains, whose sides are often precipitous walls of roclc. A fine view of 
this part of its valley is afforded from the top of Mt. Willard. Far above 
rise the rugged heights of Webster and Willey, almost vertical in their 
upper part, but below bending in graceful, regular curves, composed of 
materials which have fallen from each side and form an apparently 
smoothed hollow for the highway and river. The principal superficial 
deposits along this steep portion of the river are such rocky debris which 
has crumbled from the mountains, or the equally coarse unstratified till. 
In the bed of the stream these materials have become water-worn, but 
only limited deposits of gravel and sand are found. It is worthy of note, 
that in constructing the Portland & Ogdensburg Railroad the excavations 
yielded an abundance of sandy gravel suitable for ballast. To make a 
gradual ascent, this road is built along the side of the valley ; and some 
of these excavations were two or three hundred feet above the stream. 

At the west line of Bartlett the Saco is 745 feet above the sea. In the 
next eight miles to the mouth of Ellis river, it descends about 30 feet to 
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the mile, flowing over modified drift. This consists of gravel and sand, 
and above the Rocky Branch these occupy an area one fourth to one half 
a mile wide, which Ues mostly on the south side of the river, forming a 
nearly continuous interval lo to 15 feet in height, which slopes with the 
stream, and irregular terraces which reach 25 feet higher. 

From the Glen station in Bartlett to Conway Corner the alluvial area 
averages fully a mile in width, lying in nearly equal amount on each side 
of the river. The greater portion of this is interval, from 10 to 20 feet 
in height, which is often seen to be composed of coarse gravel overlaid 
by fine silt, as on Androscoggin river. The flood-plain of the Champlain 
period is shown in the higher terraces of sand or fine gravel, 40 to 60 
feet above the river, which are nearly continuous on both sides. North 
Conway is built on a wide portion of the east terrace. The form of these 
terraces, with their surface level but usually narrow and bounded by steep 
escarpments, and their correspondence in height on opposite sides of the 
valley, make it easy to understand that a wide plain once reached across 
the intervening area. 

Along Seavey's falls, which extend about a mile east from Conway 
Corner, the Saco is bordered on both sides by slopes of till and ledge. 
The modified drift of the highest terrace, however, is continuous between 
Pine and Rattlesnake hills, and thence extends two miles to the east on 
the north side of the river; and on the south it reaches from Conway 
Centre to the north-east side of Walker's pond, and thence is nearly con- 
tinuous, though narrow, eastward to Maine tine. East from the outlet of 
Walker's pond, the interval between this terrace and the river on the 
south is not wide, but on the north it extends one half to one mile from 
the river, rising with a gentle slope to a height about 25 feet above it. 
On this side, the most elevated part of the alluvial area, as at Conway 
Street, is only a few feet above the reach of high water. The ancient 
flood-plain, which was from 40 to 50 feet above the present river, as 
shown by its terrace on the south, may have extended over this whole 
area. It would then appear that the river here began its excavation on 
the north side, and has been gradually cutting its channel deeper and 
deeper as it has slowly moved across this area southward. Remnants of 
the former high flood-plain are thus found at a nearly constant height 
above the river for fourteen miles, sloping in this distance more than 100 
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feet. The height of Saco river at the state line is about 400 feet above 
the sea. 

Karnes between Saco River and Six-Mile Pond. 

Along the Portsmouth, Great Falls & Conway Railroad a very remark- 
able series of kames extends six miles, from near Conway to Madison 
station. The railroad survey shows that the water-shed here is very low. 
It is 516 feet above the sea, being only 70 feet above the Saco river at 
Conway, and only 60 feet above Six-mile pond (also called Silver lake). 
This low avenue is one half mile to one mile wide, extending nearly from 
north to south ; it is bordered on both sides by hills from 300 to 500 feet 
higher, those on the west side rising in almost perpendicular cliffs. The 
kame begins at Pequawket pond, a mile south-west from Conway Corner 
and Saco river, A ridge 40 feet high forms the west shore of this pond, 
and is thence nearly continuous for about three miles southward, lying 
on the east side of the railroad and Pequawket brook, which drains the 
part of this low valley that is tributary to the Saco. This kame is nearly 
straight, and for the most part consists of a steep narrow ridge 40 to 75 
feet high, being composed of interstratified sand and coarse gravel, with 
occasional large boulders. A quarter of a mile south-west from Pequaw- 
ket pond the top of this kame becomes 200 to 300 feet wide, and is level 
like a terrace. An excavation shows that the stratification here is nearly 
horizontal in the interior of the deposit, which is sand or fine gravel, but 
it is abruptly inclined on its west side, conformably with the slope of the 
kame. Low, swampy areas and occasional small ponds lie on the west 
side of this kame, and are interspersed farther to the south among irreg- 
ular ridges and mounds. These unfilled depressions prove that very lit- 
tle erosion has been effected by the present streams ; and that these 
deposits of modified drift owe their form to deposition in the channel of 
glacial rivers, while the ice remained unmelted on each side. 

The southern part of this series of kames lies principally on the west 
side of the railroad, covering an area a third of a mile wide, and bounded 
on the west by the precipitous face of Pine and Hedgehog bills. Along 
the lowest part of the valley, near the railroad, the ridges consist mainly 
of gravel with little clear sand, and are much coarser than in the north 
part of the series ; but their pebbles are plainly rounded, and of such 
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size as could be transported by strong currents of water. These kames 
are from 25 to 50 feet high, and extend in crooked north and south ridges 
which are frequently traceable a quarter or a half mile. Large angular 
boulders are occasionally found embedded in these water-worn deposits. 
In going westward we find these boulders more numerous ; and the 
ridges, which become shorter and more irregular, are composed partly 
or wholly of angular materials. Near the foot of the hills these ridges 
reach about 100 feet above the rMlroad, and present the very irregular 
contour of typical kames, having steep sides and narrow tops, and enclos- 
ing bowl-shaped hollows ; but they consist entirely of angular debris with 
no water-worn deposits, and in many places their surface is composed 
only of boulders with no earth to fill the interspaces. Between these 
moraines and the true kames seen along the railroad there is a gradual 
transition, the intervening ridges being partly morainic and partly kame- 
like in material. 

A considerable area of low alluvium, without ridges, lies east of Madison 
station, separating this long series of kames from others of coarse water- 
worn gravel, which occur on the north-east shore of Six-mile pond. Near 
the head of this pond a similar ridge forms a small crescent-shaped 
island, concave towards the north. 

Plains in the Basin of Ossipee Lake. 

On the north-west side of Six-mile pond no distinct kames were seen, 
but deposits of very coarse water-worn gravel, with the largest pebbles 
one or even two feet in diameter, rise from 25 to 50 feet in irregular 
slopes. The level plains begin about three fourths of a mile south from 
Madison station, and the material in the next three miles gradually 
changes to very fine gravel or sand, so that the railroad cuts at the south 
end of this distance rarely show pebbles an inch in diameter. These 
plains occupy a large area in the south-west corner of Madison and the 
east part of Tamworth, and extend south along Six-mile brook, which 
separates Freedom and Ossipee, to the north-west side of Ossipee lake. 
(Plate VI.) Their soil is barren, its natural woody growth being scrub 
oaks and pitch pines. Their height at the north is about 40 feet above 
Six-mile pond, which is 456 feet above the sea ; thence they have a 
slight southward slope of rg or 20 feet in a mile, descending nearly to 
VOL. III. 19 
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the level of Ossipee lake, which is 408 feet above the sea. In their west- 
ern portion they are from 40 to 50 feet above Bear Camp river, which 
along its last six miles flows through fertile intervals. These cover areas 
from which the river has excavated the higher plain. The upper part of 
this river is also frequently bordered by intervals and terraces. 

The shores of Ossipee lake are mostly low; and it appears that this 
area remains unfilled because sufficient material has not been supplied by 
inflowing streams. We cannot thus explain the unfilled hoUows of Six- 
mile pond, and of Elliot and White ponds in Tamworth ; for the level 
plain adjoining them is from 25 to 40 feet in height, and descends steeply 
to their shores. Probably masses of ice filled these depressions while 
the bordering plains were being deposited. 

Till extends in a gentle slope to the margin of Ossipee lake along a 
distance of about a half mile on its north-east side. Barren pine-plains 
reach thence for three miles to the east. These are divided by the irreg- 
ular chain of Danforth ponds, which have the same height with the lake. 
At Danforth bridge these plains are nearly level, and have a height of 
35 feet above the ponds, to which they descend in steep escarpments. 
Their material is mainly sand or fine gravel ; but coarse gravel, con- 
taining pebbles from six inches to one foot in diameter, is occasionally 
found, and appears to belong to kames which have been nearly buried 
beneath the fine alluvium. 

Ossipee river, the outlet of this lake, flows over till at Effingham falls, 
and along its last mile before entering Maine. In the intervening three 
miles it is bordered by low modified drift, which extends to Swasey pond 
in Freedom, and forms an extensive tamarack swamp in the north-east 
corner of Effingham. 

On the west and south sides of Ossipee lake the modified drift is one 
half mile to a mile and a half wide. Its highest portion is a delta-plain on 
the north side of Lovell's river, 40 feet above the lake. Elsewhere it is 
low, being swampy in many places, and rises only 15 to 25 feet above the 
lake, towards which it slopes. 

These nearly level areas are bounded by hills and mountains, which 
rise steeply from the edge of the plains. The supply of modified drift 
was very abundant here, and fills three fourths of the natural lake-basin 
which is thus enclosed. 
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A conspicuous dune, blown 125 feet above the low plains, occurs two 
miles south-east from Ossipee lake on the west foot-slope of Green moun- 
tain. A track of sand-drifts, now grassed over, reaches up to this from 
the north-west ; and an old pine stump, standing where it originally 
grew, shows that since the clearing of the country a portion of the dune 
seven feet in depth has been swept from beneath it by the winds, being 
carried to the south-east and somewhat higher up the hillside. 

Karnes along Pine River. 

South-east from Ossipee lake a continuous belt of modified drift ex- 
tends along the entire course of Pine river, forms the water-shed between 
Pine River pond and Balch pond, and thence continues eastward along 
Little Ossipee river in Maine. These ponds are about 20 and 40 feet 
respectively below the lowest point of the water-shed, which is about 550 
feet above the sea, or 140 above Ossipee lake, 12 miles distant. The 
width of the modified drift here is fully a mile, and it is not much nar- 
rower at any point. It occupies a comparatively straight valley, which is 
commonly bordered by high hills at each side. An exception to this is 
found in the south part of Effingham, where level sandy plains about JOO 
feet above the sea extend nearly continuous from Pine river to Prov- 
ince pond. Other level plains occur, as south-east of Duncan lake, be- 
tween North Wakefield and the mouth of Pine River pond, and east of 
East Wakefield depot ; but the greater part of this modified drift has an 
uneven surface, presenting small hollows, ridges, and mounds ; and prom- 
inent kames, in ridges from 75 to 125 feet above the river, extend along 
the middle of the valley. 

This series of kames or gravel ridges borders Pine river south-east from 
Ossipee Centre, but it is not well shown at the bridge in Effingham. Two 
miles farther south, where there were formerly a bridge and mills, it con- 
sists of a single narrow ridge, 100 feet above the river which flows at its 
foot on the east, and 30 feet above the plains which extend a mile south- 
west to Duncan lake. One mile -southward this principal kame of the 
series is said to lie between White and Black ponds. Opposite Ossipee 
Corner the river crosses the line of this ridge, a half mile of. which has 
been swept away. It next appears east from the mouth of Poland brook, 
and extends in a single ridge a mile to the south, with a height 50 to 75 



Hosted by 



Goosle 



148 SURFACE GEOLOGY. 

feet above the low modified drift on each side, or about lOO feet above 
the river. It is then cut through by the river, but only a short gap is 
made; and it continues thence unbroken for more than a mile to the 
south-east, forming a nearly straight ridge 75 to 125 feet high on the 
west side of the river. On its east side the modified drift is narrow; and 
the road passes over a hill which affords a fine view of this kame, and 
others of less height which extend parallel with it, and fill nearly the 
whole valley for two miles below Pine River pond. At the mouth of 
this pond the principal kame seen was just north-east of the bridge, with 
a height 40 feet above the river. Kames of the same or less height occur 
along the shores of this pond, and form its islands. The water-shed be- 
tween Pine River and Balch ponds is an area of kames, its lowest point 
being a hollow between high parallel ridges ; and the same series con- 
tinues south-east along the sides of Balch pond. 

The material of these ridges is almost wholly water-worn, wherever it 
has been observed. It consists principally of gravel, which contains peb- 
bles or rounded boulders up to two or three feet in diameter. Layers of 
sand are sometimes interstratified with this gravel ; and angular boulders 
up to five or six feet in diameter are occasionally found. The more level 
areas of modilied drift in this valley are also mostly gravel, with the larg- 
est pebbles frequently six inches to one foot in diameter. 

The height of this series of kames where it is first met with, one to 
two miles above the mouth of Pine river, is about 40 feet above the lake, 
or 450 above the sea At the water-shed between Pine River and Balch 
ponds it is about 600 feet above the sea. Froin this point the kames 
descend both to the south-east and north-west with the valleys, their 
slope along Pine river being 15 feet to a mile. 

The accompanying plains along the lower part of Pine river are only 
10 to 25 feet in height. At North Wakefield they are 60 feet above the 
river and pond ; at East Wakefield depot they reach their greatest height, 
being 675 feet above the sea, or more than 100 feet above the lowest de- 
pression of the water-shed. The same belt of modified drift continues 
into Maine, forming extensive low plains in Acton and Shapleigh, with a 
height about 500 feet above the sea. 
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Review and Conclusions. 

From the modified drift of Pine river, Ossipee lake, and Saco river, we 
learn the history of this part of New Hampshire in the Champlain period. 
After the ice-sheet had retreated from the coast, it seems for a long time ■ 
to have still covered the Ossipee Lake basin, and the valley of Pine River 
and Balch ponds. The kames of this valley were deposited during this 
time in the channel of a glacial river, which carried forward its finer 
gravel and sand to form the plains that extend south-east from Balch 
pond. The coarse material and irregular surface of nearly all the modi- 
fied drift along the upper part of Pine river indicate that masses of ice 
still remained at the time of its deposition. 

After this, the ice-sheet disappeared from the broad low basin of Ossi- 
pee lake, and again for a long time had its terminal front at the border of 
the low area from which it had retreated. Its moraines fill the west and 
higher side of the narrow valley between Madison and Conway. These 
gradually change as we come to the centre of the valley to ordinary 
water-worn kames. This appears to have been the first outlet from the 
melting of the ice-sheet over the Saco valley and the south-east side of 
the White Mountains ; and the material brought down was spread out to 
form the extensive sand and gravel plains about Ossipee lake and Six- 
mile pond. The comparatively small amount of levelly stratified drift 
associated with the kames in Madison and Conway makes it probable 
that the present outlet by Saco river was opened before the ice here had 
wholly disappeared, so that the later alluvium was carried by this river 
into Maine. 

Modified Drift in the Basin of Piscataqjja Rjvek. 

Under this title are embraced nearly all our observations in Strafford 
and Rockingham counties. The streams which drain this district are 
united before reaching the ocean in Great bay and Piscataqua river.* 
Salmon Falls and Cochecho rivers are the largest of these, and have 
been the most thoroughly explored. Wide plains extend between these 
rivers in Rochester. Very interesting kames and kame-like plains occur 

• Tlie topOETiphle fcitures ofihis ba»n ire described in Vid. I, pp. 313-115, 30s, and 313. 
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about Dover, and are found frequently southward through the state. 
Isinglass, Bellamy, Oyster, and Lamprey rivers are known to be bor- 
dered in many places by intervals and low terraces and plains, but their 
modified drift has not been specially explored. 

The valley of Exeter river contains large areas of modified drift. One 
of these diverges from this river at the south-east corner of Fremont, and 
extends to the south through Kingston, Newton, and Plaistow to Haver- 
hill, Mass. This belt of modified drift reaches nearly fifteen miles, and 
is continuous from the Exeter to the Merrimack river. Along most of 
this distance it forms extensive plains. Several ponds in Kingston, which 
lie in depressions of these plains, are the sources of Powow river. 

In Newington and Portsmouth a kame-like plain of gravel and sand is 
the highest land between Great bay and the Piscataqua river ; but their 
shores, with the islands of this river below Portsmouth, are almost every- 
where gently-sloping hills of till or ledge. 

Marine shells and other organic remains have been found in the lower 
portions of this valley, showing that the ocean stood at a higher level 
when the modified drift in which they occur was deposited. The more 
particular description of this district will be taken up in the same order 
as in the foregoing summary, 

Salmon Falls River. The source of this stream is East pond, which 
lies partly in Wakefield and partly in Acton, Me. It has an area of 
nearly three square miles, and a height about 500 feet above the sea, 
below which it can be drawn 18 feet, to supply the mills at Great Falls 
and Salmon Falls. This river and the Piscataqwa form a part of the 
eastern boundary of New Hampshire. The descent below East pond is 
shown by the following heights, which are in feet above the sea: Horn 
pond, 479; at Milton Mills (fall), 440 to 416; at Milton Three Ponds 
dam, 413 to 400; above East Rochester, about 200; at Great Falls, 166 
to 90 ; at Salmon Falls, 65 to 25 ; at South Berwick, 20 to tide-water, 
Salmon Falls and Cochecho rivers, along their lower three miles, and the 
Piscataqua river, which is the name applied below their junction, are af- 
fected by the tide, and flow with a strong current alternately towards and 
from the sea. 

The north-west side of East pond is bordered by a low and partly 
swampy area of modified drift, which reaches a quarter to a half mile 
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in width, enclosing Round pond. Except on this side, its shores are till 
or ledge. No examination has been made between this pond and Milton 
Mills. In the two miles from this village to Branch river, the modified 
drift rises in irregular slopes to a height of 20 or 30 feet. 

Along Branch river the modified drift is well shown, forming swampy 
areas and terraces of sand or gravel 20 to 40 feet in height. Karnes 
were noted in Wakefield a quarter of a mile west from Wolfeborough 
Junction, and at several other points southward to Union village. At 
one half mile to two miles south from this station they are finely dis- 
played along the railroad, mostly on its west side. They are composed 
of coarse water-worn gravel, in ridges 25 to 40 feet high, with their trend 
generally north and south. These kames descend with the valley from 
about 575 to 475 feet above the sea. 

The valley of Salmon Falls river in Milton contJuns three natural 
ponds, through two of which the river flows. The two south-west ponds 
lie near the east foot of Teneriffe mountain. They are bordered by 
kames on their west and south sides ; and low, sandy plains extend be- 
tween them and the North-east pond. They are all flowed to the same 
height by the dam at Milton Three Ponds village, which has been re- 
cently raised a few feet, overflowing a large meadow above North-east 
pond, and holding the river level six miles, or to within a half mile of 
Milton Mills. Below this dam the river descends about 300 feet in the 
next three miles, its channel lying between ledges or steep slopes of till. 

The next modified drift is in the north part of Rochester (Plate VI, 
p. 146), where for a distance of two miles it occupies the entire area a 
mile and a half wide between Salmon Falls and Cochecho rivers. This 
tract is crossed by the Portsmouth, Great Falls & Conway Railroad, It 
consists of sandy plains, 25 to 40 feet above the river, or of extensive 
swamps and peat-bogs. The latter were scantily filled with modified 
drift, while it was more abundantly supplied on all sides, preventing 
drainage. Salmon Falls river here turns to the south-east, A straight 
course would carry it southward across this area, bringing it to a junc- 
tion with the Cochecho at Rochester. In the Champlain period the 
highest floods of these rivers were united here, and nearly all the modi- 
fied drift which they brought down was deposited in these plains. 

At East Rochester a narrow belt of alluvium, from 20 to 30 feet high. 
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borders the river. In the north part of Somersworth, sand and ordinary 
gravel extend from the river to the railroad and Cole's pond. These de- 
posits lie in irregular slopes, nowhere presenting the usual level terraces. 
Thence very coarse kame-like gravel, spread out in level plains, extends 
southward, and forms the water-shed west of this river to Willand pond. 
In the next four miles to Salmon Falls, east of these kame-like plains, 
the valley of the river consists of till or ledge. 

Below Salmon Falls the river has excavated its channel between prom- 
inent terraces, upon which the villages of South Berwick and Rollinsford 
are built. Their height is nearly the same at both sides, being about 80 
feet above the river, or 100 feet above the sea. The same terrace-plain 
extends west to Rollinsford junction, where its height is 115 feet above 
the sea. The last mile and a half of this river is bordered on both sides 
by level plains about 40 feet in height. On the west these are a half 
mile wide, terminating in RolUnsford point. 

Cochecko River. The water-shed between Winnipiseogee lake and this 
river is composed of modified drift (p. 130), which is very scanty or want- 
ing along the next four miles to Farmington, Three streams, which are 
the head waters of this river, have here brought down large amounts of 
gravel and sand, forming the low and partly level area west of Farming- 
ton village. Below this place the modified drift, lying principally in 
kames, or irregular mounds and ridges, is continuous on both sides of 
the river, being one half to three fourths of a mile wide for five miles, 
beyond which it expands into the extensive plains of Rochester. These ' 
mounds and ridges rise from 20 to 30 feet above the intervening hollows, 
reaching a height about 50 feet above the river. Their material is coarse, 
water-worn gravel, with occasional layers of sand ; and sections usually 
show an anticlinal or arched stratification. A half mile east of Farm- 
ington these kames enclose numerous bowl-shaped depressions, some of 
which contain small ponds. This part of the Cochecho valley is bordered 
on both sides by hills, which rise 300 to 400 feet above the river. 

Two and a half mites above Rochester the area of modified drift widens 
on the east, reaching to Salmon Falls river (Plate VI, p. 146). Thence 
level, sandy plains, in many places underlaid by clay, extend along the 
Cochecho eight miles. The coarse kame-like gravel continues on the 
west side of the river nearly to Rochester; but the wide plains at this 
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place consist wholly of fine alluvium, and no coarse deposits were seen 
farther south. Below Gonic these plains extend a mile wide to a distance 
of two miles west from the Cochecho, and. excepting isolated hills, they 
occupy the whole area between this and the Isinglass river. 

The height of these plains at Rochester is 226 feet, and at Gonic 200 
feet above the sea, being at each place about 30 feet above the river. 
Southward, the stream falls more rapidly than the plains, lying 75 feet 
below them in the south part of Rochester. 

These deposits terminate near the mouth of Isinglass river ; and the 
next four miles of the Cochecho valley are destitute of modified drift, 
which next occurs a fourth of a mile above the city of Dover. The river 
has here cut through the ridge of a kame which extends from the kame- 
like plain of WiUand pond to that of Pine Hill cemetery. These were de- 
posited by glacial streams, while the ice-sheet still remained unmelted on 
both sides. After the ice had disappeared, Cochecho river brought down 
the alluvial plain, composed of clay overlain by sand, on which the north 
part of the city is built. The south part of this plain has been exca- 
vated by the river, leaving the rest in the form of a terrace. Its height 
is 70 feet above tide-water, which extends to its foot at Dover landing. 
East of the city the river is again bordered by slopes of till or ledge. 



Fig. 37-Obliquely strati- ^. g._SECT>0N in clav. Roch- 

""-" =-'TD, Rochester. 



Scale, I inch:=io feet. 



ESTER. 

Scale, t inch=io feet. 



B^i/s of clay are worked for brick-making a half mile south from the 
Rochester depot, on the east side of the railroad, and a half mile farther 
south on the west side of Cochecho river. At the former brick-yard the 
clay is overlain by 5 to 8 feet of sand, which occurs principally in layers 
separated by nearly level lines, as shown in Fig. 37, but obliquely lami- 
nated with varying southward dip. About 15 feet of clay is exposed 
here, the upper part being gray, and most of the lower part blue, defi- 
nitely separated from each other. The section shown in Fig. 38 was 
VOL. III. 20 
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observed near the south end of this brick-yard. A mass of uniformly 
blue clay occupies a wedge-shaped space in the midst of gray clay. No 
difference, except that of color, could be seen ; and the lines of stratifica- 
tion are plainly continuous through both. 

At the second brick-yard 3 feet of sand overlies 15 feet of clay, which 
rests on a ledge. The upper part of this bed is compact gray clay, in- 
clined to break into small fragments, the sides of which are stained with 
iron-rust ; its lower portion is tenacious, and bluish gray in color. 

Near Gonic the stratum is worked at four places, all on the east side 
of the river. Here the surface is i to 4 feet of sand. Next follows 10 
to 1 5 feet of gray clay ; this changes abruptly to blue clay, which is sev- 
eral feet thick, and extends below the excavations. 

The brick-yard at Dover landing shows the following deposits, sepa- 
rated by definite lines: Sand at the top, 8 feet; gray clay, 12 feet; blue 
clay, 1 5 feet. A brick-yard beside the Piscataqua river, half a mile north 
from Dover point, shows 30 feet of clay, — its upper portion gray and its 
lower portion blue. The brick-yards on the south-west side of this point 
expose only the gray clay, which is about 15 feet thick, overlain by 2 or 3 
feet of sand. We find here the features which usually mark'the gray 
clay. Near the top it is free from sand, and is hard and compact, not 
showing its stratification, but breaking into small angular pieces, which 
are separated by films of iron-rust. In its lower part it shows lines of 
stratification, and sometimes contains sandy layers. Through the whole 
deposit pebbles up to six inches or one foot in diameter are rarely found. 
A well at one of these yards showed the bottom of this gray clay inter- 
stratified with sand and gravel, beneath which was blue clay. 

The brick-yards along the Boston & Maine Railroad are similar to the 
foregoing. Half-way between the stations of Exeter and East Kingston 
beds of clay are found in kame-like banks, 20 to 30 feet in height, at both 
sides of the railroad. The top of these deposits is a few feet of sand or 
fine gravel, irregularly bedded as if laid down by strong and conflicting 
currents. The clay is nearly level in its stratification, and has a depth of 
about 20 feet. It is principally gray, but changes gradually near the bot- 
tom into blue clay. Another brick-yard of the same kind is found a mile 
farther south. These seem to be isolated deposits, having been formed 
like the kames in hollows of the melting ice-sheet. They lie on the till. 
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and can hardly be supposed to be remnants of any formerly level deposit. 
The beds of clay near Dover point may be of similar origin. 

The clay worked at Plaistow is alluvial, and was deposited in the quiet 
water, held back by a barrier of kames. The order here is as follows : 
sand at the top, 5 to lo feet ; gray clay, about lo feet ; gradual transition 
from gray to blue clay, 3 feet ; blue clay, s to 10 feet, underlain by sand. 

Beds of gray and blue clay are also found in the high terraces of Mer- 
rimack river, and in the valley of Hudson river and Lake Champlain (see 
pp. 94 and 95). In Vermont, where they contain marine shells, they 
were called by C. H. Hitchcock Champlain clays, from which this name 
has been applied to the period in which the ice-sheet disappeared. 

The height of these deposits of clay in Hooksett and Pembroke is 
about 300 feet above the sea ; in Rochester, about 200 ; at Dover Land- 
ing and Point, 20 to 50; and in East Kingston and Plaistow, about lOO. 

The wide distribution and unvarying order of the gray and blue clay 
suggest that they have some special meaning, which it may be important 
to understand for the right interpretation of our other records in surface 
geology. To what conditions and causes do these clays owe their differ- 
ence in color? * Without being able to explain this, we have presented 
our observations as fully and plainly as possible, 

Kames and Kame-like Plains about Dover and southward. Near the 
coast from Dover to Newburyport are frequently found massive kame- 
like deposits, consisting of high plains or broadly rounded ridges of gravel 
and sand, which often form water-sheds between wide valleys 100 to 200 
feet below. The absence in these valleys of the terraces which mark 
erosion through modified drift, shows that they were never filled with the 
same materials, and that these remarkable plains and ridges were depos- 
ited in their present isolated position, with wide areas of lower land at 
each side. How this took place we can only explain by referring the 
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formation of these deposits to the same causes which produced the 
kames. The ice-sheet still remained unmelted upon each side at the time 
of their deposition, filling the valleys and wide areas of low land, over 
which this gravel and sand must otherwise have been spread by the cur- 
rent of the floods on which they were brought. 

The most extensive of these plains occur about Willand and Barbadoes 
ponds, near Dover, and in Newington and the north-west part of Ports- 
mouth. Broadly rounded deposits of the same class occur frequently in 
this district ; and southward, along the sea-coast, they form the elevations 
on which the villages of Rye, North Hampton, and Hampton are built. A 
very interesting ridge of this kind extends from north-west to south-east 
through Newburyport. 

Willand pond* is situated principally in Somersworth, two and a half 
miles from the city hall in Dover. Its area is 84 acres, and its height 
above low tide in the Cochecho is 192 feet, as determined by survey of 
Hon. James A.Weston and Joseph B. Sawyer, made in 1871, in reference 
to supplying the city of Dover with water.f Their report says of this 
pond: 

"It has no visible inlet worthy of consideration, and at ordinary 
stages it has no visible outlet. The ordinary annual high-water mark 
was about two feet above its surface at the time the survey was made. 
It appears that when the pond reaches this height, the surplus water, if 
any there be, runs off through a piece of low, wet, bushy ground (called a 
heath), of some 10 to 15 acres in extent, which lies on the northern bor- 
der of the pond, — the water finally escaping through a slight artificial 
channel or ditch into a brook, which is tributary to the Salmon Falls 
river. 

"On all other sides the pond is bounded by a dry, gravelly plain, which 
is from 12 to 17 feet above low water, and which extends from a quarter 
to a half mile from the pond. This plain is bounded in most directions 
by lower plains and valleys having a retentive clayey soil, which, being 
lower than the surface of the pond, contribute nothing to its waters. 
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" On the contrary, there are several large springs on the borders of the 
lower plains, which are supplied from the body of sand constituting the 
plain above, and probably in some instances from the pond itself. On 
the side next the city the springs are about 41 feet Jower than the pond, 
and are of such size that they supply the water for the Cochecho Aque- 
duct Co. It is probable that these springs are subterranean outlets for 
the water of the pond, and undoubtedly these and all the others drain 
some portions of the sandy plain surrounding the pond. * * 

" How extensive the area is which furnishes water to the pond we have 
no reliable means of determining, because the water-courses and divides 
are hidden beneath the surface. It may be stated in a general way that 
the wells sunk into this plain indicate that the water-table rises towards 
the north and west, and falls towards the south and east " 

In 1876 a water-pipe was laid fiom this pond to Do^er for which a 

ditch was dug 25 feet deep for a quarter of a mile through the bordering 

plain. This ditch (Fig, 39) showed 

the plain to consist of interstrati 

fied gravel and sand, the former pre 

dominating, and containing abundant 

pebbles, of all sizes up to a foot and „ „ 

^ ^ LAND Pond Somersworth. 

a half in diameter. The whole ap Depth 5 feet 

pearance is kame-like, but the materials are nearly level in stratification. 
The layers of sand were from a few inches to two feet in thickness, but 
were short, not being apparently continuous over large areas. At some 
points only the coarse gravel was found, with no clear sand. No boulders 
were seen on the surface or in the excavation. 

This plain about Willand pond is the highest land between Salmon 
Falls and Cochecho rivers, the descent to which is over uneven areas of 
ledge or till. The shores of the pond on all sides rise steeply to the level 
of the plain. Much of this escarpment appears to have resulted from the 
undermining action of waves. In other portions the gravel and sand were 
deposited with this slope, which, near the point where water is taken for 
the city of Dover, continues to a depth of 60 feet below the surface of the 
pond at ten rods from its shore. At that time the hollow which is now 
filled by the pond, and the wide valleys to the east and west, appear to 
have been occupied by portions of the departing ice-sheet. 
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On the south this plain descends 25 to 50 feet in an escarpment, below 
which the edge of the gravel and sand is overlain by a peculiar clayey 
stratum, which extends with an undulating or nearly level surface south- 
easterly to Garrison hill, and is also well shown south-west from Dover, 
between the city and Bellamy river. Its margin reaches 125 to 150 feet 
above the sea, and is marked by numerous springs. This deposit resem- 
bles the gray clay of the brick-yards in its color; its usually obscure 
stratification, which is, however, sometimes distinctly shown; its occa- 
sional division into small fragments, stained with iron-rust ; and its con- 
taining infrequent pebbles from two or three inches to a foot in diameter. 
Except these isolated pebbles it is wholly a fine, clayey silt. On any 
exposed bank it is marked by many little channels, which have been 
formed by the rains, and are preserved through dry weather by the hard- 
ening of the surface. 

The kame-like gravel of Willand pond extends three miles northward, 
to Cole's pond and the alluvial area of Salmon Falls river, near the east 
corner of Rochester. Southward it is narrowed to an ordinary kame, 
which is cut through by Cochecho river a quarter of a mile above the city 
of Dover. A very instructive section of it is shown by a railroad cut on 
the north side of this river (Fig. 40). The kame consists of gravel and 




Fig. 40, — Section of Kame on Dover & Winnipiseogee Railroad, i mile north- 
west PROM Dover Station. Length, 300 feet; height. 40 feet. 
The base of the section is about 40 feet above Cochecho river, or 75 feet above the 



a, gray clay; b, fine sand; c, c, coa 
i feet in diameter ; d, d, fine gravel. 



e gravel containing pebbles from 6 inches 



sand, and is overlain on both sides by the widely spread gray clay. Nu- 
merous angular boulders, 2 to 5 feet in diameter, had been stranded on 
the north-west side of the kame before the deposition of the clay. An 
excavation between this section and the river exposed a boulder 8 feet in 
its greatest diameter and weighing 16 tons, with another two thirds as 
large, which were embedded in the kame. 
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111 the west part of the city this kame consists almost -wholly of sand, 
and extends in a broad 
ridge to Pine Hill cem- 
etery, being in some 
Fig, 41.— Sano overlain by Till, Fourth Street, , ,-,-,> 

WEST OF CocHECHo RIVER, DovER. P'^^^^ overkm by till. 

Length of section, 250 feet; height, 30 feet; base of but more frequently by 
section b about 75 feet above the sea. ^^^y ^j^^ q^ ^^^ ^^^^j^ 

side of Fourth street an excavation (Fig. 41) shows it to be horizontal 
in stratification, except at its sides, where it is obliquely bedded, con- 
formably to its slope. Here its west side is overlain by the unstratified 
upper till, in which are numerous angular boulders 2 to 4 feet in diameter. 
This till also forms a layer two feet thick over the top of the sand, con- 
taining frequent rock-fragments of smaller size. Another section, show- 
ing 1 5 feet of irregularly bedded sand, overlain by a similar deposit of 
upper till, was observed a quarter of a mile farther south, at a height of 
about 140 feet above the sea. At these points it seems probable that the 
sand was deposited in an open glacial channel, bordered by overhanging 
walls of ice, from which the upper till fell upon the-side and was partly 
strewn upon the surface of the kame. 

A ditch for laying water-pipe on Silver street showed this sand deposit 
overlain by gray clay (Figs. 42, 43, and 44). The junction of the sand 



Fig. 42.— Section along Silver Street, south of Riding Park, Dover. 
200 feet long ; 6 to 9 feet deep. 

and clay was by a gradual transi- 
tion, occupying one or two feet, 

and three or four feet of the clay c-- ,, t,„_ , , . , c , . 

-' rig. 43.— bame, 300 feet east of last ; i 

next above was plainly stratified. long; 8 to 10 feet deep. 

The rest of the clay was very 

compact, with no evident lamina- —^ 

tion, breaking into iron-stained, 

angular pieces, and contained oc- F'g- 44-— Same, 500 feet farther e; 

casional pebbles. In the midst ^°"^'' 7 to 10 feet deep. 

of this clay {Fig. 43) a horizontal sandy layer was very distinctly shown 
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for a distance of 1 50 feet. Near its east end, iron-stained gravel and sev- 
eral stones a foot in diameter were found between the clay and the west 
edge of the underlying sand. 

Eastward, these deposits lie in a kame-like ridge, a section of which 
(Fig. 45) shows one side of it to be wholly gray clay, while the other side 



Fig. 45. — Excavation for the Portsmouth & Dover Railroad, iooo 

FEET EAST from Fig 44 

Lengili, about 500 feet ; depth, 20 feet ; top of .section is about 100 feet 
above the sea. 

is mainly sand ; but their junction is concealed by the abutments of a 
bridge. The outer edge of the sand, however, is overlain by similar clay. 
Pine Hill cemetery, a half mile farther south-east, is a level plain of 
horizontally stratified sand, 150 feet above the sea. It is bounded on the 
north and west by escarpments, which descend steeply 30 feet. The dep- 
osition of this sand, appears to have been confined here by walls of ice. 
On the south-east are ledgy hills which are somewhat higher, in whose 
hollows are low mounds or ridges of gravel and sand, one of which was 
observed to contain masses of till, one to three feet thick, full of angular 
boulders up to two feet in diameter (Fig. 46). These materials probably 

fell from the glacier upon the margin of 

ice at its foot, and when this was broken 
up, they were floated away on rafts, which 
at length melted, dropping their freight 
to be thus embedded in modified drift. 
The pebbles which we have mentioned as 
occurring here and there in the gray clay, 
were distributed in the same manner. This clay and its pebbles were 
deposited at a later date, following the withdrawal of the ice-sheet by 
which the earlier gravel and sand were confined in these kame-like plains. 
The sea in this period stood at a higher level than now ; and the 
clay was probably a marine deposit brought down from the melting ice- 
sheet at the north-west. It is well shown in Dover, Madbury, Durham, 
and Newington, forming the surface of much of these towns, but not 



Fig 46 — Section in a Kame 

SOUTH EAST OF PiNE HiLI. 

Cemetery, Dover. 
Scale, I inch::^lo fei 
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observed at a greater height than about 150 feet above the sea. On the 
borders of Great bay and Piscataqua river it seems not to exceed a height " 
of 50 feet. A well near the Boston & Maine Railroad, about a mile west 
from Dover, passed through 20 feet of this compact, pebbly gray clay, 
below which was a water-bearing stratum of sand, A neighboring well 
showed 10 feet of similar gray clay; then 2 inches of clear sand; beyond 
which this clay continued 16 feet lower, and was underlain by i^ feet of 
mud, apparently containing sticks and leaves, and lying upon ledge. 

At the county farm, three miles north-west from Dover, and about 
1 50 feet above the sea, a well showed 50 feet of this clay ; which con- 
tained sandy layers, but otherwise was obscured in its stratification. 
Stones were frequently found, the largest of them weighing about 100 
pounds. Below this was a stratum of gravel and sand, which seemed 
"like the bed of a stream," and yielded an abundance of water. This 
deposit lies upon till, which is exposed at forty rods to the north. On 
the west side of Cochecho river, at a bridge slightly farther distant to 
the north-west, is a kame that probably marks the mouth of the glacial 
river by which this marine delta was formed.* 

Barbadoes pond, crossed by the line between Dover and Madbury, is 
surrounded by an elevated plain of gravel and sand,f about 175 feet above 
the sea, of the same kame-like origin with that about Wiliand pond. This 
plain is bounded by an escarpment 10 to 40 feet high. At its foot on the 
south-east are springs which supply the west part of the city of Dover. 

Southward we find other extensive deposits of the same origin. On 
the south side of Bellamy river, for a mile and a half east from Madbury 
station, is a broad ridge of coarse water-worn gravel and sand of about 
the same height with the plain at Barbadoes pond, and 50 feet higher 
than the adjoining land, on any side. One mile south from Sawyer's 
mills in Dover, and in the same line with the foregoing, is a similar ridge 
two thirds of a mile long and about 150 feet above the sea. The ridge, 
about 135 feet in height, between Bellamy and Piscataqua rivers at one 
to two miles north from Dover point, is shown by wells to be the same 

• A recent journey hss brought to our notice an alluvial plain on the west side of the Cochecho. opposite to 
and lower than this delta. It was probably fljviatile, belonging to a later date when the ocean held a bwet level. 

water, as of a lake or arm of the sea, and that which lakes place from the shallow floods of rivers, 
t The extent of this deposit, and of others dEECcibed at the south-east, may be seen on Plate VI, p. 146. 
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interstratified gravel and sand. In this class, also, are, a ridge noted at 
the west line of Durham, half a mile south-west from Oyster river ; the 
deposit, shown in Fig. 47, 
cut by the Nashua & Roch- 
ester Railroad at the divide 

, ^ Fig. 47 — SECTIOV IV S\ND NEAR \\HECLWRICHT 

between Oyster and Lam- p^^jp ^^.^ 

prey rivers; the gravel plain Height, 30 feet. Base of section is about 150 feet 

of Lee Hill village, 190 feet "^^^^ ^^^ ^^^■ 

above the sea ; and the plain of nearly the same height, two miles west 

from Newmarket, on the road to Wadley's Falls, composed of coarse 

gravel at the west, but of clear sand to a depth of 30 feet in its eastern 

portion. 

One of these deposits near Newmarket Junction, composed mainly of 
sand with no rocks embedded in it, has its surface strewn with angular 




—Section on Boston &, Maine Railro^i 

NORTH OF Newmarket Juncti n 

Length about 600 feet height 35 feet Base ot secijoi is 

about 50 feet above the sea. 

boulders, the largest of which are 10 feet in their greatest diameter, weigh- 
ing 30 or 40 tons. The sand was deposited in the channel of a glacial 
river. When the ice on both sides and beneath it melted, this fell to the 
bottom of the shallow sea, which probably stood 150 feet above Its pres- 
ent height. The boulders were then dropped on its surface by blocks or 
rafts of floating ice. 

The academy in Greenland is built on a broadly rounded, kame-like 
ridge of grave!, which at a short distance to the south-west becomes a 
nearly level plain 40 or 50 rods wide, but still farther to the south-west 
is narrowed to a typical kame. The length of this deposit is a half mile. 
Its height is nearly 100 feet above the sea. 

At a school-house half a mile south from the academy, we rise to a 
plain about 125 feet above the sea, which extends a mile to the south and 
south-east, descending with a gentle slope 25 to 40 feet in that distance. 
This plain forms the highest land between Winnicut river and Berry's 



Hosted by 



Goosle 



MODIFIED DRIFT IN P[SCATAQUA BASIN. 163 

brook. Its north-west portion is quite thickly strewn with boulders, the 
largest of which are S or 6 feet in diameter; and over nearly its whole 
extent these have been sufficiently abundant for walling the fields. Four 
wells, however, between the school-house and the Eastern depot, varying 
from 20 to 30 feet in depth, passed all the way through stratified gravel, 
sand, and blue clay. In three of these wells the upper portion was fine 
gravel or sand. One of them, a half mile south-east, and a cistern a 
quarter of a mile south from the school-house, showed at the top 10 feet 
of very coarse but water-worn gravel, which was underlain by clear sand. 

Two thirds of a mile farther east, beyond the railroad and Berry's 
brook, a well at the house of L. & F. A. Berry (county map) encountered 
10 feet of coarse gravel, below which were interstratified fine gravel, 
sand, and blue clay, extending 16 feet to ledge. Mussel shells which 
still retained their purple color, but were easily broken in pieces, were 
found in this well eighteen feet below the surface. Three fourths of a 
mile south from the school-house, a well at N. Norton's (county map) 
passed through 40 feet of coarse gravel containing pebbles up to 5 or 10 
inches in diameter, with layers of sand. At a depth of about 25 feet in 
this well several white pine cones were found, and about 5 feet lower 
numerous mussel shells, both being well preserved and distinct. The 
two last wells are one and a quarter miles apart, each being at the surface 
about 100 feet above the sea. 

The very thin covering of till and frequent scattered boulders which 
lie on the north-west portion of this plain, were probably in large part 
distributed by floating ice ; but this appears to have taken place at a time 
when the ice-sheet paused in its retreat, and once more overspread areas 
from which it had withdrawn. Evidence of a readvance of the ice-sheet 
was also afforded by a well in Stratham, a third of a mile east of Barker's 
hill. Here the surface was 5 feet of upper till, which also extended fully 
twenty rods on every side, containing boulders up to 6 or 8 feet in diam- 
eter, underlain by 21 feet of sand and fine gravel, the bottom of which 
was not reached. A hil! in the north-west corner of North Hampton, 
which rises 75 to 100 feet above the lowland by which it is entirely sur- 
rounded, or about 150 feet above the sea, is covered to the top on its 
north side with very coarse glacial drift, containing abundant angular 
boulders of all sizes up to 10 feet in diameter; yet this hill is shown by 
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wells to be principally composed of modified drift, a large part of which 
is clay.* On its south side the surface is gravel, with few boulders, none 
of which exceed 4 or 5 feet in diameter. 

The last of these kame-like deposits which remains to be described 
within the limits of Piscataqua basin, is the extensive plain of Newitigton 
and the north-west part of Portsmouth. This is three miles long from 
north to south, and for most of this distance averages a mile in width, 
forming a plateau 60 to 100 feet above Great bay and Piscataqua river 
on each side. Outcropping ledges and scattered boulders are seen in 
many places upon its surface ; but numerous wells show only modified 
drift to depths of 30 or 40 feet, being first coarse gravel, 3 to 10 feet in 
thickness, succeeded below by interstratified fine gravel and sand. The 
entire western edge of this deposit is a gently sloping escarpment, which 
descends 10 to 30 feet. On the north and east it rests mainly on ledges, 
but at one place falls in an abrupt slope more than 50 feet. A section 
at its base in the north part of Newington showed sand overlain by gray 
clay, as at Dover. Southward, near the Concord & Portsmouth Railroad, 
its surface is sand, obliquely stratified. Between this and the Eastern 
Railroad it is changed to a broad ridge, 25 to 30 feet high, composed 
mostly of pebbles six inches to a foot in diameter, packed as compactly 
as possible with no layers of sand. This grave! is finely exposed in an 
excavation, from which it is teamed two miles for repairing streets in 
Portsmouth. The deposit terminates south-east from the Eastern Rail- 
road in a small plain of horizontally stratified sand. 

Exeter River and the Plains at Kingston and southward. The prin- 
cipal part of Exeter village, and several square miles bordering Exeter 



• The fallowing are sections of wells upon this hill, nole< 


1 in order from north.»e« to sou.h-east ■ 


I, A well diig three years ago al C. C. Barton's, ahoui 3 


feet below the top of the hill, showed lill on the sur- 
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ime layers, but containing occasional pebbles seldom 
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river on the south and extending into Kensington, are alluvial sand and 
gray clay, 30 to 60 feet above the sea. 

A map on Plate VI (p. 146) shows the belt of plains which extends 
south from this river to the Merrimack at Haverhill, Mass. At the 
north tine of Kingston their height is about the same as that of Spruce 
swamp in the east part of Fremont, which is shown by the survey for 
the Nashua & Rochester Railroad to be 160 feet above the sea, or about 
30 feet above Exeter river. Half of the township of Kingston is occu- 
pied by these sandy plains, which slope to a height of 125 feet above the 
sea at its south line. Numerous ponds, which are the sources of Powow 
river, mark where portions of the ice-sheet remained unmelted while 
the deposition of modified drift went on rapidly at each side. A large 
area of karaes is indicated on the map in the northern part of Plaistow. 
Their southern portion consists of the ordinary water-worn gravel in 
short, steep ridges and mounds. At the north and north-west, these pass 
gradually into very coarse morainic debris, containing angular blocks of 
all sizes up to 10 feet in diameter, much of which is accumulated in low 
ridges like those of the kames. In Plaistow the plains continue their 
slope to about 90 feet above the sea. In Haverhill a large portion of the 
original deposit has been excavated by Little river; and its south end 
has been partly undermined by the Merrimack, on whose north side it 
forms a conspicuous terrace west of the railroad bridge. 

Fossils. Although it seems probable that the sea stood about 1 50 feet 
higher than now during the deposition of most of the modified drift in 
this basin, only very scanty relics of the life of this period have been 
found. A whale's vertebra, now in the museum of Dartmouth college, 
was discovered in Somersworth in 1843 by the caving in of a gravel hank, 
but no other bones were found. Several wells in the village of South 
Berwick show marine remains at a depth of about 30 feet in a stratum 
of fetid mud, which resembles that of the tide-flats, and frequently ren- 
ders the water unfit for use, at least through a part of the year. The 
humerus, radius, and ulna of a seal, and shells of Nucula Portlandica 
(see foot-note on next page), are mentioned by Jackson from wells at this 
place, which are about 100 feet above the sea, the fossiliferous stratum 
having a height of about 70 feet. The surface here was three feet of 
sand, the whole depth below which was clay, the upper portion gray and 



Hosted by 



Goosle 



1 66 SURFACE GEOLOGY, 

the lower blue. A third of a mile to the south, near the landing, two 
wells at about 50 feet above the sea show 20 feet of gray and 10 feet of 
blue clay, succeeded by a layer of fetid mud with numerous clam and 
mussel shells 30 feet below the surface, or only 20 feet above the sea. 
Casts of clam and mussel shells were found in a brick-yard worked 
twenty years ago on the shores of Bellamy river, a half mile north-west 
from Dover point. They also occur in the brick-clay of EHot on the east 
side of the Piscataqua. 

Shells* of Saxicava rugosa, Mytilus edulis, Sanguinolaria, and Astarte 
castanea were found at several places in Kittery within 30 feet above the 
sea by Mr. John L. Hayes. He also discovered Niictda Portlandica* and 
Sanguinolaria * in Portsmouth near Wibird's hill. The shells at this place 
were 1 5 feet below the surface and 30 feet above high tide, in blue plas- 
tic clay. Mussel shells are reported at two localities in Greenland (p. 
163); but farther to the south no fossils appear to have been discovered 
within the limits of this state, although there is considerable modified 
drift which was probably deposited beneath the sea. The shells found 
in Portsmouth and South Berwick show that an arctic climate prevailed 
during the deposition of the beds in which they occur ; but the presence 

' i!,<:\isBB-s Final Rtporl m Gtotogy cf Nm, Hatifskiri, pp.94, lai.andsSi. 

The shdis here meiilioned are all jpecies now living, OneDfihtm Is confined to arctic seas; of Ihe resl.all 
but one are circumpokr, extending south to our latitude, while one has lis notthern limit al Nova Scotia, and is 

NacHU Portlandica, Hitchcock; LtOa Iruncala, Brown; Lrda arctica and Pi^tlandla glaiialis. Gray; 
Yaldia »rc(ioi, SaralbmnoIofMiJIIerand MSrch). This shell gives lis name to the ierfii rfey of Canada. Fos- 

mouth, N. H,, is IhE most southern locality at which it has been found. Now living only in arctic seas ; fcund 
at Hpilihtrsen in depths from five to thirty fathoms. 

Saxicava. Tugaia, Linn.; S. arcUcA, Deshaya. Variable, having been described under five genera and fifteen 
species. This shell gives Its name to the StriaM Jflwrf of Canada. Fossil from New England 10 Labrador and 
In Europe; var. rfij/fl'/a. Say, is found in the Miocene of Maryland. Now living in arctic seas, and abundant 
southward to Cape Cod, and less common to Georgia ; also eiicnding south to the same latitude on the Pacific 
coast of America and in Europe. It occurs from low-water mark to a depth of fifly fathoms, 

Hfymuti-iulis, Lion. Common mussel. Fossil from New England to Greenland and in Europe. Now living 
in antic seas, extending south in the Atianlie Co North Carolina and the Mediterranean sea, in the Pacific to 
China and San Francisco. Ijttotal 10 fifty fathoms. 

Sangtliularia (obsolete); Macoma, Leach. Two species of this genus, Afacima Granrandwa, Beek(j>f./™- 
gilii, Adams), and Macuma laiuloia, Mttreh (jW. calcaria, Adams), are common as Ibssils from New England to 

to Long Island; the latter is also found in northern Europe, and eitends south on the coast of Asia to Japan, 

Asiarttcastarua, Say. FossH at Nantucket and Point Shirley, Mass., and at Kittery, Me. Novr living from 
New Jersey to Nova Scotia ; common as far north as Massachusetts bay. Abundant in Frovincelowa harbor at 
low-water mark, but more frequently occurring at depths from five to fifteen fathoms. 

Mya armaria, Linn. Long dam : the common clam of our coast north from Cape Cod. ( C*<i«i mrcinaria, 
the round clam, or qnahog, is the common species south from New Vork.) Fossil from South Carolina to Green- 
land, in Europe, and in the Miocene of Virpnia. Now living from the Arctic ocean to South Carolina,— very 
abundant as far south as New Jersey ; also entending south to France and China. Between high and low tide. 
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AN DOVER AND HAVERHILL SERIES OF KAMES. 

of Astarle castanea at Kittery is proof that the ocean became as \ 
as now before it sank to its present level. 

Kames in the South Part of Rockingham County and in Nc 
( Massachusetts. 



This district contains very interesting and instructive scries of kames, 
which differ from those described along the Connecticut and Merrimack 
rivers, and in the basin of Ossipee lake. It will be remembered that 
those series lie along the middle and lowest portion of valleys. The 
series of kames now to be considered do not follow the present water- 
courses, but run directly across the Merrimack and other rivers, which 
here have no well marked valleys, being not much lower than the hollows 
between the hills on either side. Occupying these hollows or lying 
against the side of the hills, the kames extend long distances in a some- 
what devious, but for the whole series, quite straight course, which is 
about half-way between south and south-east. 

Rev. George F, Wright, of Andover, Mass., has given much attention 
to the surface geology of this district, and has kindly supplied the follow- 
ing description of these kames: * 

A formation of gravel, known at Andover as "Indian Ridge," has long been familiar 
to the citizens, and has been remarked upon frequently by tourists and geologists. We 
could not improve the description of the main features of similar formations given 
by Dr. Edward Hitchcock in 1842.! He writes,— "Our moraines form ridges and hills 
of almost every possible shape. It is not common to find straight ridges for a consid- 
erable distance. But the most common and most remarkable aspect assumed by these 
elevations is that of a collection of tortuous ridges and rounded and even conical hills, 
with corresponding depressions between them. These depressions are ,not valleys 
which might have been produced by running water, but mere holes, not unfrequently 
occupied by a pond." 

By reference to Map I, Plate IV, the characteristics of this formation may easily be 
apprehended. At the flax mills near Andover depot, a dam raises the Shawshin river 
14 feet. Measuring from the river-bed below the dam, the ascent to the peat-bog, o, 
at the base of the east ridge, is 41 feet. Taking this bog as a level, the heights of the 
successive ridges, — East ridge, Indian, and West, — at the points a, b. and c, are 41 feet, 
49 feet, and 71 feet. The point c, however, is in a characteristic depression of the 
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ridge. On either side of it, north and south, prominences project 20 feet higher, mak- 
ing them 91 feet above the base assumed at c, and 132 feet above the river, or 182 feet 



abo\ 



■ the s. 



Branches not adequately indicated on tlie map run off at various points and form 
enclosed basins, which have no outlet except as channels have been cut through the 
loose material of the ridges, either by natural or artificial means. Quite an extensive 
body of water was included, till long after the settlement of the town, in an enclosure 
between i and f. It has been drained, partly by a channel of its own formation and 
partly by artificial means, and is now occupied by a muck swamp, which is 20 or 30 
feet deep. A trigonometrical section of the west ridge, near the point f, gives the 
height above this swamp 61 feet, with a base of 250 feet. The rate of descent from 
the apex at this point to the base is therefore one foot in two. 

A few rods east of the point a there are irregular remnants of ridges of the same 
general character with the others, running south-east across the Shawshin river and 
Boston & Maine Railroad. East of this railroad it is apparently pushed into a great 
number of irregular prominences enclosing numerous bowl-shaped basins, one of which, 
of oblong shape and about fifteen feet deep, is at the very summit, the rim of which 
rises to a height of about 100 feet above the river. A mile south, at Pomp's pond, and 
partially connected by intervening ridges, is a similar cluster of rounded hills and en- 
closed basins surmounted by a sharp peak of still greater height. 

Weshouldal ob e that lute o g ngl ons. of such irregular ridges, encircling 
bowl-like res no ad n nto h rp p ak , occur at frequent intervals along the 
whole belt of tl f n 1 e d b Frequently, as a ridge is suddenly 

pushed up into a p n 1 t 11 p t o t a pur, returning to itself and forming a 
closed basin at o n a ts lop 

These ridges are ordinarily composed of sand, gravel, and pebbles, the latter from a 
few inches to two or three feet through, sometimes irregularly stratified, the coarse 
material being as likely to abound near the top as at the bottom ; at other times, 10 or 
15 feet or more in thickness will give no signs of stratification whatever. The top of 
the ridge is usually just wide enough for a foot-path ; and pebbles a foot or two in 
diameter dot its course at frequent intervals. Usually, also, the base of the ridge is 
partially hid by subsequent accumulation of stratified sand and fine gravel, or by peat- 
bogs. 

Another point of importance is, that the fragments of rock in the ridges are nearly 
all somewhat rounded and apparently water-worn, though it is evident that they have 
not all been subjected to the same amount of attrition. I have searched in vain among 
the diibris of the formation for scratched stones, though striated stones are found in 
abundance near the surface in the immediate vicinity. Furthermore, the pebbles are 
not of local origin. Merrimack slate abounds, as does a porphyritic gneiss, whose po- 
sition is well determined in central New Hampshire. In Topsfield, a portion of the 
pebbles are clearly from iedges only a few miles (o the north-west. 

The formation does not lie at a uniform altitude above the sea, but rises over hills 
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ANDOVER AND HAVERHILL SERIES OF KAMES. 169 

and descends into river valleys in 3 certain apparent independence of the natural con- 
figuration of the country. The land, however, though undulating and somewhat 
broken, nowhere in this part of Massachusetts rises more than 300 or 400 feet above 
tide-water; and even these heights are reached only by peculiar accumulations of un- 
modified drift or fill, which here forms massive rounded hills. The gravel ridges 
plainly belong to the superficial deposit, since they everywhere overlie the ground- 
moraine or till. They rest upon the flanks of these hills at Lawrence near the reser- 
voir ; at Ballard Vale, on Pole hill ; at Waiielield, near the rattan works ; in the north- 
east part of Middleton ; and on the north bank of the Merrimack in Haverhill, opposite 
to and a little below Groveland. 

Sometimes the ridges disappear in a sandy plain, in which case, however, there are 
usually bowl-shaped depressions in the plain along the line of general direction. This 
is noticeable east of Ballard Vale. These depressions are frequent in Kingston, N. H., 
near Great pond. But the most remarkable instance is near the cemetery in Marble- 
head, a half mile south-east from the lead mills in Salem. Here is a cluster of depres- 
sions within a depression. The outer rim has a north-to-south diameter of 605 feet, 
and an east-to-west diameter of 735 feet. A hollow at the south side descends to the 
tide-level, with a depth of 60 feet and an east-to-west diameter at the top of 360 feet. 
A similar though shallower hollow occurs at the north-west side. Numerous minor 
depressions intervene. The material of these circular ridges is partly of local origin, 
and partly not. Plant them upon higher ground, and they would be called the reticu- 
lated portion of a kame. Many lakelets are but these depressions full of water. 

These ridges have been found in two well defined series, as shown in Map 3, Plate 
VII. The westernmost or Andover series may be represented in Rockingham county 
by kames observed near the Manchester & Lawrence Railroad, north-west from Wil- 
son's crossing in Londonderry, near West Derry station, and at a point a mile and a 
half farther south on the west side of the railroad ; also near Goss pond in the south- 
east part of Londonderry, where there are bowl-shaped depressions, and thence south- 
ward to West Windham station on the Nashua & Rochester Rdlroad ; also near a 
granite quarry a half mile west from Salem Depot, 

In Massachusetts this series extends through Methuen, Lawrence, Andover, North 
Reading, Reading, Lynnfield, Wakefield, and Melrose, terminating near the south end 
of Prospect hill in Maiden. It is continuous from Messer's crossing and Mystic pond 
in Methuen to the pumping-station of the Lawrence water-works, being well shown on 
the hillside south-east of the reservoir. On the low land near Spicket river these 
ridges show stratification ; but higher up, as north-west of the Catholic cemetery, they 
are for the most part unstratified. Bowl-shaped depressions abound. 

This series is finely developed near Andover, as shown in Maps I and 2, forming the 
banks of Pomp's, Foster's, and Martin's ponds. Numerous sections of these ridges 
show the central portion unstratified, the pebbles of large size being in and resting on 
the clay, loam, and unwashed sand ; but sometimes we find stratifted material under 
an unstratified mass, or pockets of partly stratified material in the unstratified. 
VOL. III. 22 
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In North Reading and Reading this series winds its way through extensive swamps, 
intersected by Ipswich river ; in Wakefield much of its material has heen removed by 
human agencies ; in Melrose it is characterized by a plain with depressions. Its length 
in Massachusetts is about twenty-five miles. 

T\\^ Haverhill series of kames is nearly parallel with the preceding, and about seven 
miles distant. It appears in the north-east part of Auburn, near Eaton's mills; in 
Chester, near Asa Wilson's ; in Sandown, with extensive sandy plains and numerous 
ponds ; and in East Hampstead, where the ridges are well defined, extending to the 
west side of Mt. Misery at the north line of Plaistow, A mile south-east from Mt. 
Misery the kames occupy a large area, and are thence continuous through Plaistow and 
the east part of Haverhill. They are well shown in Haverhill, near the old Whittier 
house ; near the East Parish church ; and near Burns's mill. At the Whittier house 
they seem to have been composed of coarse pebbles in contact with each other, sand 
having subsequently sifted into the interstices. 

In Groveland they are partly covered with alluvium north of the depot. Rock pond 
in Georgetown is bordered by a spur of this series, and divisions of it extend south 
from both sides of Bald Pate hiil. Wood pond and Four-mile pond in Boxford, Pritch- 
ard's pond in Ipswich and Topsfield, and Muddy pond. Cedar pond, and Wenham 
lake in Wenham and Beverly, are surrounded by these deposits, which extend nearly 
to Beverly Cove. This series is not less than forty miles in extent. 

Between the southern portions of these series of kames an intermediate one appears 
in Map 3, running from Topsfield with some interruptions to the depressions, or "dun- 
geons," which we have described in Marblehead. Near Danversport these kames are 
stratified, but farther north two or three fresh sections show no stratification. 

Kames also occur in a series still farther to the east, though perhaps less closely con- 
nected with one another than the foregoing. They are well developed in the west part 
of Spruce swamp In Fremont, wliere one of these ridges is occupied by a road. Kames 
and bowl-shaped depressions border Great and Country ponds in Kingston. In the 
east part of Newton and the south-west corner of South Hampton a large area is cov- 
ered by reticulated ridges, 20 to 60 feet in height, and containing boulders 2 to 4 feet 
in diameter. The long arm of Kimball pond in Amesbury is bordered on its north- 
east side by the continuation of this series, .which is here a single ridge of ordinary 
gravel 20 to 40 feet high. 

Modified Drift along the Sea-Coast. 

The oldest and most prominent deposits of modified drift near our 
coast are kame-like hills, elevated plains, and broad ridges, composed of 
gravel, sand, and clay, the description of which is here continued from 
page 164. The gently-sloping hill on which R.ye village is situated, 
nearly 100 feet above the sea, is mainly stratified gravel from 25 to 40 
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feet in depth. It is coarse for the first ten feet, with the largest pebbles 
a foot in diameter; below, it is fine, but has little clear sand.* Breakfast 
hill, about 150 feet above the sea, and the plain about 50 feet lower, which 
extends southward to the first railroad crossing in North Hampton, are 
composed of coarse gravel and sand. Thence similar deposits, 100 to 
125 feet above the sea, extend in nearly level plains south-west to North 
Hampton village, forming the water-shed between Winnicut river and 
the ocean. They are bounded in many places by escarpments which 
descend steeply 25 to 50 feet ; and a hollow, about an acre in extent and 
50 feet deep, is half filled by Knowles pond. This formation continues 
southward with nearly the same height to Hampton village, where it ter- 
minates, falling in gentle slopes towards the sea. 

Nine miles farther south, part of the city of Newburyport is built on a 
broadly rounded ridge of gravel and sand, which, like the foregoing de- 
posits, probably had a similar origin with the narrow and steep ridges of 
the kames, having been bounded by portions of the melting ice-sheet. 
The series of kames noticed by Rev. Mr. Wright in Newton and Ames- 
bury may be continuous south-east to the Newburyport ridge. So far . 
as traced, this deposit appears first in the south part of Ameshury, It 
has been cut through by Merrimack river, and on its opposite side rises 
to a height of about 150 feet in Moulton's hill. A quarter of a mile 
farther to the south-east it is depressed to 75 feet, and shows the sharp 
ridges and knolls of typical kames. From this point it extends, with a 
nearly uniform height of about lOO feet, along High street to the middle 
of the city, and thence continues on the south-west side of this street to 
the Upper Green. Here it is interrupted for a little distance, beyond 
which it lies on the north-east side of this street, extending to within a 
half mile of Old Town hill. It is thus at least six miles long. No other 
high deposits of modified drift are found in this vicinity ; and wide areas 

•The character of these depnshs wiU be seen from the follDwing sections of weHs, i to i ^ miles south-west 
from Kye yiLlage, on the waler-shed south of Berry's brook, and about loo feet above the sea : 
1. At J. Philbrick's (county map), said to be the deepest well in Rye, coarse gravel, is feet ; sandy, sray clay, 

block wdghing about lOo pounds, 40 feet below the surface. 

1. Near L, Brown's, coarie gravel, 8 feet : sand, a inches : coarse gravel, 6 [tett ; very coarse gravel, 10 feet, 
much of it composed of rounded rocks of nearly uniform size, about a foot in diameter, with scarcely any eanh, 
so that " one could look down among the pebbles ; " ordinary gravel, with layers of sand, so feet, resting on 
iedge;— total depth, 45 feel. 

3. AlR.Bbapley'B, coarse gravel, ID feet; fine white sand, ijfeet, restiog on tlU or ledge. Several other wells 
In this nelghboibood, 30 ta 40 feet ID depth, encountered nothing but stiadlied gravel, sand, or clay. 
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of lowland lie on both sides. Excavations in the north-west part of the 
city show the ridge there to be composed mainly of water-worn gravel, 
with the largest pebbles about a foot in diameter. A railroad cut, known 
as March's hill, two miles farther south-east, has only occasional layers 
of gravel, with the largest pebbles six inches in diameter, very irregu- 
larly stratified with sand, which is here four fifths of the whole deposit. 
The depth of modified drift forming the ridge is shown by wells to be 
from so to 90 feet. 

Portions of Seabrook and Salisbury are sandy plains, 25 to 50 feet 
above the sea. These are probably marine beds, deposited in a consider- 
able depth of water, but they are not known to contain organic remains. 

The most recent deposits of modified drift are the beaches and saU 
■marshes bordering the ocean. Along much of our coast, at a distance 
varying from a quarter of a mile to one mile or more beyond the natural 
shore of hard land, — that is, of ledge, till, or ordinary modified drift, — we 
find a beach-ridge of quartzose sand, which becomes gravel or shingle 
near rocky shores. This ridge of loose material has been heaped up by 
■ the waves nearly to the highest point reached by them at high tide dur- 
ing storms; and when it is composed of sand, the wind piles it still 
higher in irregular hills, mounds, and ridges, which are constantly chang- 
ing in form. The beach-ridge of Plum island, at the mouth of Merrimack 
river, is thus blown into dunes 50 feet high. On the side away from the 
sea, this formation slopes somewhat steeply to the solid bottom, 10 to 40 
feet below the sea-level ; towards the sea, it often slopes away very gently, 
with a wide area of hard sand between the lines of high and low tide. 
For a quarter of a mile out from these beaches the water is shallow, and 
the waves break upon shifting banks of sand. 

The area from the beach to where the land rises above the reach of 
the sea is usually occupied by salt marsh, which has a level surface two 
or three feet below the highest tides. This is composed of fine, clayey 
mud, brought in and deposited by the tide, which cuts channels for its 
flow and ebb. None of our forest trees can endure salt water ; and the 
marshes are left to a rank growth of the grasses and sedges peculiar to 
the sea-coast. On the south side of Long Island, and thence southward, 
the beach is frequently divided from the shore by extensive sounds or 
shallow bays, which are partly filled with salt marsh. 
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The shores of Rye and North Hampton are principally till or ledge, 
with frequent beaches and marshes of small extent. About forty rods 
south from the United States life-saving station and cable station, near 
Straw's Point, the stumps of a submerged forest are exposed at low tide 
on the north end of Jenness's beach. In July, 1877, more than seventy- 
five stumps could be counted here, the largest of them two-feet in diame- 
ter and three feet high. Numerous specimens of the wood then obtained 
seemed to be all alike, and are pronounced by Mr. William F. Flint to 
be white cedar {Cupressus thyoides). Other stumps farther out projected 
above the water, and they are said to extend out to a depth five feet be- 
low the lowest tide. They have not been so well exposed for several 
years before this, and in 1874, when the cable was laid, they were not 
seen, being covered with sand. The most probable explanation here is 
that given by Mr. John L. Hayes,* who supposes that the forest grew at 
a higher level on the surface of a peaty swamp, which was protected 
from the sea by a beach. The beach has since been driven inland, and 
the mud of the swamp has been washed away ; but the trees were inter- 
laced by their roots, and all sank together, so that they are now covered 
by the sea. Stumps occur in salt marshes near the head of Sagamore 
creek, on Little river, and in Hampton, probably where swamps have 
become more compact and settled within reach of the tide. If any 
change in the relative height of land and sea is now going forward on 
our coast, it would appear to be a very slow submergence of the land, 
not amounting to a foot in a hundred years. 

Little and Great Boar's Head are bluffs of till, about 50 feet in height, 
which are being undermined by the waves. South from the latter point, 
a beach-ridge extends 15 miles, broken only by Hampton and Merrimack 
rivers, and bordered all the way on the west by a salt marsh, which aver- 
ages a mile in width. The beaches of Hampton, Salisbury, and Plum 
island are on its east side. A large part of these deposits was probably 
carried out to sea by the Merrimack river, and then turned back by 
waves and tide. 

It has been shown that the sea stood in the Champlain period 150 feet 

• L=llcr \a }s<:'ics<,ti.-s Final Ripsrl im Giclsgy qf Niw //amfiiirr, pp. i«a and i8i. A valuable nssy was 
published by Mr, Hayts In Iht Bi-tan 7i-umal tf t/atiiral /!Ultry,ioliy,iS^i,oa the " ProUble tnflucDce 
of Icebergs upon Dnrt." 
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higher than now, from which level it sank to its present height, or lower ; 
but no well marked beach-ridges have been discovered inland. 

Review of the Champi-ain and Terrace Periods in New Hamp- 
shire. 

The Champlain period embraces the time occupied by the final melt- 
ing of the great ice-sheet. At first its nearly levei surface of pure ice 
lay above our highest mountain summits. As the melting advanced, it 
was moulded into basins and valleys, which, near the terminal front of 
the ice, coincided nearly with the contour of the land. At last the sur- 
face of the ice became covered with the abraded material which had been 
contained in its mass. A large part of this material was washed away 
by its streams, to be deposited in the modified forms of kanies,"* kame- 
like plains, and valley drift. Through the whole of every summer during 
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the Champlain period, our rivers were swollen as we see them now in 
the floods of spring, but they were laden with far greater amounts o£ 
alluvium. The valleys were thus gradually iilled with modified drift, 
which took the same slope with the descending current. In some in- 
stances (pp. 65, and 116-119) there is evidence that the ice-sheet in its 
departure was for some time a barrier, holding back lakes where there 
are now empty valleys, sloping to the north or west. If the principal 
lines of drainage throughout the state had been in these directions, such 
lakes must have been frequently formed during the retreat of the ice 
towards the north-west. With these exceptions, the deposition of our 
valley drift appears to have taken place in the same manner that addi- 
tions are made to bottom-lands by high floods at the present day. 

The modified drift, though extensive, constitutes only a part of the 
material which was contained in the ice-sheet. Probably more escaped 
erosion than was carried away by the glacial streams. When the ice 
was wholly melted, the part remaining fell upon the striated ledges and 
ground-moraine, being the loose upper till, with numerous angular boul- 
ders, which forms the surface generally throughout the state. Outcrop- 
ping ledges, however, are frequent ; and both the kames and valley drift 
rest upon the upper till. 

The modified drift deposits show that the ice retreated slowly, and 
with varying rates of progress (pp. 36, 39, 121, 122, and 149). Evidence 
of its readvance has been found in only a few places, near the coast (pp. 
163 and 164). The ice-sheet appears to have continued uninterruptedly 
through a very long period (pp. 7-9). Doubtless it resisted the influence 
of the warmer climate and changed conditions before which it disap- 
peared, continuing late like the snow in spring. Its departure at the 
last was correspondingly rapid; and the hardier forms of vegetable and 
animal life were soon established near its retreating margin. 

During the recent or terrace period the work of deposition by the 
streams has not been equal to that of erosion, and they have excavated 
deep and wide channels in the Champlain deposits (pp. 15 and 16). In 
this process terraces have been formed, sloping with the stream. Neither 
the deposition nor terracing of the modified drift requires any submer- 
gence, as by lakes or the sea. These deposits have the form which they 
must naturally take, in being rapidly brought into the valley by floods. 
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and in afterwards being partly excavated by the rivers in the process of 
deepening their channels. 

A table is added, showing the formations which have been described 
in this chapter, arranged in tlie order of their deposition, beginning with 
the oldest. 



Glacial and Champlain Deposits in New Hampshire. (Drift, 
Quaternary, Post-Pliocene, Pleistocene.) 
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CHAPTER II. 



GLACIAL DRIFT. 



^ LLUSION has been already made to the former existence o£ an 
, immense thickness of ice over the whole of New Hampshire, as 
well as the entire northern portion of our continent. This ice-sheet is 
supposed to have been the natural accumulation of frozen moisture from 
the atmosphere, requiring thousands of years' time for its gathering 
together. Like the similar glacial masses upon both poles of the earth, 
this one must have been slowly moving towards the equator, especially 
near the melting edge, A formal proof of our statement is unnecessary, 
since the phenomena presented to us universally over the state speak for 
themselves ; and it will be difficult for any one to read an account of the 
striation and embossment of the ledges, about to be described, without 
believing in the existence of this sheet. As the subject is one of great 
interest, and sound generalizations can be drawn only from observations 
taken in every part of the state, much attention has been devoted to the 
collection of facts during the whole time of our survey. Such of these 
as are especially important will be named : hundreds of them will not 
be mentioned. Many facts belong to a class, and we need therefore 
describe with particularity only one example of them. Should the want 
of time and space prevent a full discussion of the causes inducing the 
cold climate, the method of transportation, the chronological date of the 
period, and other related topics, the reader vrili find an excellent sum- 
mary of conclusions of this nature in the preceding chapter. Treatises 
VOL, iiL 23 
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have been written by several geologists upon these subjects, which can 
be consulted by those desiring further information. It is obvious that 
our first duty is, to state wliatever facts have been observed, and then 
discuss the general bearings of the subject, if an opportunity is pre- 
sented. It may be premised, however, that the glacial theory of the 
origin of the cold and of the dispersion of the materials seems to explain 
all the phenomena better than the older view of the agency of icebergs. 
Any complete discussion of the phenomena must relate partly to the 
effects produced upon the ledges by the ice-movement, and partly to a 
description of the materials transported, their position, shape, size, 
amount, etc. We will first speak of the action upon the ledges. The 
ledges have been broken, rounded, or embossed, planed down, smoothed, 
and striated. The formation of pot-holes took place after the ice began 
to melt. 

Fractured Ledges, 

Since the Helderberg period, the rocks of New England had been 
subjected to sub-aerial decomposition, whereby they were softened and 
rendered friable to great depths, often as low as the water level, or as 
much as a hundred feet. The change was mostly chemical, consisting 
of the removal of the alkalies, and the disappearance of lime and magne- 
sia, by solution, the residue being clayey. Hence the ledges were in 
excellent condition for removal by the ice-sheet. Enormous quantities 
would be easily rubbed off, and then assorted by water. Besides the 
decomposed rocks, the ice removed perhaps as great a mass of the solid 
portions, which now constitute boulders and the pebbles of the till. Still, 
this ice action does not represent all the erosion that has taken place in 
our state, as may be proved by calculations of the mass that has been 
removed from the ledges to fill up gaps in the strata. It has been gen- 
erally estimated that this amounts to as much as the average height o£ 
the land above the sea, or 1,200 feet in New Hampshire. The condition 
of the surface in the Southern states, in Brazil, and in certain sheltered 
spots in Minnesota and Massachusetts, as described by Hunt, Hartt, 
White, and others, illustrates the nature of the land surface with us, be- 
fore the ice acted upon it. 

In the earlier New England reports, several cases of ledges fractured 
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by the drift have been described. Clay slate is very readily broken ; and 
the simplest cases of fracture are those noticed in that rock, as in the 
quarries at Guilford and Northfield, Vt. Sometimes the fractures have 
been produced by the expansive force of freezing. Water, penetrating 
the seams, freezes, and thus, by expansion, wedges apart considerable 
masses. These, if on a precipice, fall to the base, and accumulate in 
large amount. Nearly every precipice in the state exhibits more or less 
of this work. It will be seen, also, in the flumes about the White Moun- 
tains, and has been described in Volume II, page 158. 

The frontispiece of Volume I exhibits the condition of the ledges in 
a certain stage of decomposition, between the upper limit of trees and 
the snow line. Doubtless many square miles of surface were thus cov- 
vered by angular blocks before the ice-movement commenced. 

The most striking evidence of the action of ice breaking ledges is 
where the stone has been fractured by a lateral thrust. These are com- 
monly seen about large quarries. A single example will suffice for many 
that have been observed. Fig. 49 is 
a sketch of this phenomenon at the 
Amoskeag granite quarry in Manches- 
ter. It is upon the north-west slope 
of a hill, in a position where it could ■ 
be struck by the ice descending the Fig. 49. 

Merrimack valley. The surface is smoothed and striated. For eight 
or ten feet in depth the granite is broken into irregular pieces, so that it 
cannot be used for underpinning. Beneath these pieces, the stone is 
sound at least to the depth of thirty feet, or as far as the excavation has 
proceeded. One can readily see the line between the broken and sound 
stone upon the east side of the quarry. That the fracture was occasioned 
by the ice-movement is proved by the fact of the smoothness of the sur- 
face fragments. The pieces can be taken out and matched together 
again, just like a pavement. Had they been fragments prior to the ice- 
action, they would have been moved away by it. The same phenome- 
non occurs, though less noticeably, at Bodwell's quarry, close by. If 
the ice had reappeared in the Merrimack valley, these broken frag- 
ments would have been removed, and a new smoothed and striated sur- 
face would have been planed upon the solid granite. 
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There is reason to believe that examples similar to the above exist by 
the hundred. They are not usually visible, except where excavations 
have been made. 

Planishing and Embossment. 

Should the earth be entirely removed from the ledges, the majority of 
them, save where subsequent erosion has obliterated the marks, would 
show upon their exposed sides a planing down and rounding. These 
ledges are not planed down flat, like a floor, but are rounded, retaining 
essentially their original forms. It is a common sight, when travelling 
along the deeper valleys, to observe, above the line of the modified drift, 
numerous rounded, dome-shaped ledges. A close scrutiny will disclose 
the fact that these have been worn the most upon the northern side, 
while the southern escarpment may be rough and uneven. Hence it is 
obvious from which direction the force proceeded which planed down the 
ledges. The sides most worn are those which have been struck. We 
often speak of the struck or stoss and the lee sides of these rounded ledges. 

The embossed ledges are often grouped in considerable numbers, 
looking as if there were an assemblage of haystacks closely crowded 
together. Precisely similar phenonena occur in the glaciated region of 




■^FiG. 50.— Embossed Rocks on Mt. Monadnock. 
the Alps, where De Saussure applied to them the name of roches -mou- 
tonnes. An example of them, as seen in New Hampshire, is given in 
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Fig. 50. This represents an area of about five rods square on the south- 
west side of Mt. Monadnock, Here they occur near the summit of the 
mountain, not along the sides of a valley. 

There are many exanlples of embossment in the state as good as these. I have 
noted a few of them : The top of Mf . Kearsarge ; about the Lake of the Clouds, be- 
tween Mts. Washington and Monroe, though the action of (he frost is injuring their 
perfection ; along the Pemigewasset valley in Woodstock ; Balier's River valley, in the 
west part of Plymouth and the east part of Rumney, — also higher up, less perfectly; 
along the Northern Railroad, between Orange summit and Grafton Centre ; Sanborn- 
ton, west of Cawley's pond. The Huronian and Cambrian slates of the Connecticut 
valley abound in fine examples of these rock domes. Others are specified in the 
column of remarks about stris, further along. The narrow belt of rock in which the 
principal mica quarries are located, between Groton and Keene, is noticeable for the 
very fine embossment of the ledges all over its course. Granitic and calcareous rocks 
decompose readily ; but the general form of the embossment will remain after the 
markings have been obliterated, so that a practical eye will recognize the fact of their 
glaciation. 

St R I ATI ON. 

By far the most important effect of the ice-movement is the striation. 
All these domes and the worn sides of ledges exhibit lines more or less 
distinct, or passing into grooves which have been produced by hard rock 
fragments frozen into the bottom of the ice-sheet. As the mass moved 
along, these fragments acted as chisels or gouges, deeply scratching 
the ledges. It is obvious that the grooving instrument must have been 
harder than the rock affected ; hence pieces of soft rocks, like limestone, 
would not leave any mark of their passage. These markings are often 
obliterated by disintegration, and it is difficult to find their direction. 
Several expedients may be resorted to: First, search for veins or pro- 
jections of tough materials, upon which faint lines may possibly be 
found. These harder substances show the action, because they have 
successfully resisted disintegration. Again : it may be necessary to wet 
these projections, or the whole surface of a smoothed rock, in order to 
discover the direction of the strias. Sometimes deep grooves may be 
found, which will indicate the course as welt as scratches. 

These markings vary from the finest scratches visible to deep furrows. 
They may be straight or curved, the latter where the abrading chip 
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LuNoiD Furrows. 



Fig. ji. 



turned to one side, and was speedily crushed. Again : pieces of the rock 
may be chipped off, as if the chiselhng fragment was not held down 
firmly to the ledge, but had a jarring motion. Then there are the 
lunoid furrows. Vose describes them upon the 
Green hills in Conway. Some seen on their north- 
1 slope have axes running about S. 40°-48° E., 
and are from one to four inches in diameter, A 
section of one is given in Fig. $i. It appears that 
the steep side. A, is always on the up-hill end of 
..Ci}^.. the furrow. Four others were noted at the south 
end of these same hills, upon a horizontal surface 
near the summit. They are figured in Fig. 52, are 
1 1 inches long, 7 wide, and 4 deep, their direction 
being that of the dotted line, N. W. and S. E. These axes indicate the 
course of the ice-movement. 




Fig. 52. 



The origin of the lunoid furrow is given as follows by Dr. A. S. Packard, Jr., who 
observed several of them on a hill near Goodrich falls in Bartlett, with the com 
17° W., also on Mt. Baldface : * "It is known that the glacier is in constant motion, 
advancing a few inches in summer, and then contracting in winter. Now imagine 
stone frozen into ihe ice, and thus acting as a gouge. Pushed onward, and then witl 
drawn by the powerful hand of the ice-king, it soon wears this peculiar shaped hole, 
then turns out of the rut, and catches again in some inequality of the rock, and makes 
another lunoid furrow, or, perhaps, a series of four or live, often very regular in form, 
though the distance between them may vary." 

The striae in New Hampshire vary considerably in their direction. 
Before discussing the reasons for this variation, it will be proper to pre- 
sent a list of all the observations of their occurrence that have been 
recorded. They are all my own, except the few that are otherwise noted. 
I have carefully reduced the compass to true courses. I hope to present 
in the atlas a map showing these marks laid down with great care in con- 
nection with the relief features of the ground. A very few observations 
may be added for the adjoining territory, or what is included in our gen- 
eral map. 
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Courses of Strl« in New Hampshire. 
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Courses of Stri<e — Continued. 
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Towards Sandwich notch, three 
fourths mile from Mad river. . . 
1 mile S. E. from West Thornton 


}w.Upham. 




""'■""'"i;;; 


H. 


Campton north line, in river 

detness,— Mt. Proipecl— summil. 
■" W.side. 
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Shipard's 

Squammoi 
Asb1and,~ncai 

Village lur 
Wuervillc slid 
Sandwich.-W 

M. Bean's. 

West line . 

N. E. 

NQnh.__. 

S. Dinsmor 



fbolofRedhlJI... 



Wmil= north of Uimmorepon 
MoullonborouKh.-iitar S. E. tow 



H. Smith's... 
Red hill, neat 



Middle of towDBhlp 

Common ill ihrough township-- . 
New M. Wade's, promonlmy of 



Below Mclvia villaee 

a mjla south Qf "Cornet".. 

Kmile south of last 

folfeborouEh,-w65t side of Ti 
hilMG.M. Garland's).... 



e N. E. of Wolfeborough 
>t«(E.ofI..Eholridge'si.. 



-Doilh of Tumble- c 



J. Perkins's., 
t. F. Stoddai 



South of Sanborn's, junciion 
TopofhiUnearJ.Copp'i... 



Top of second do 

SideofMt. Choconia. 
Meredith Neck,— Rollms h 



East line 
Centre— 1 
Village. . 



S. 6o°E. 



Two places. W. Upham. 
W. ifpham. 



S. to°E. &E. 



C. T. Jackson. 

Summit is one larn embossment y> feel 
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LOCALITIES. 


ROCK, 


coukIe, 


REMARKS, 


New Hamploii,— N. W. part, day 


An daiusile schist, 
Porph, gncJES 


s:S°|! 

S.Ij-'E. 

P.,j"E, 
5,35" E, 

l!^o|: 

S, is" E, 
S, ^4° E, 

ISI 

s!r5°E! 

S, ij'^ E, 

S, s^i" E, 
S, 32° E, 

i:f;S: 

5.1=° E, 
l*^'°E 

s!i?=e! 

S.i=°E, 

S, 5.= E. 

s:^°e! 
til; 

s,s==e, 

S,«oE. 


Course «ith valky, 
Do«n™lk)-;raany™b. 

A single scr=lch. 

Two places, W. Uphan,. 

W. Upham, 

Abo a few .traggling to S. 

Unusually fine. 
W, Upham, 

Two places. W. Upham 




















issaSSi-:! 






Porph, gneiss 

MiMKhist., .'.■■.: 

Trap dyke.,"!!!! 


edges here. 














E, of Lake ViJIage-M. C. V^^- 




















Noiilipan— {'."B^FrtKhV.;!" 


Mica schist 












Road WMt of Hopkinson hill .... 




























WBs^EE. 








ssK-.r,s •*?""—■■■■ 




























L Morrison'., west of lake 


all up bill. 


H.' Hunt's; north-™" part", .^!'. 
New Di.rham,-B, F. Sa»ycr's and 


Monialban !!!!!! 
























T^^d':i%''y:^^^':zT:. 












Mica schist 


























a or a miles north-eait, In Paul 






North-west iwrner 

i-Wa-?!';™:;::::::::; 


fiicaschis't 








JitnrieS-W.fromsouthoorner. 
FirminBton,— west side Huswy ml. . 
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j.'p.'YmM's'.'.',!".'.!;;;; 

Bamng.on,-m)eeler Fort.. 

RollinsTord,— E. S, Oemeol't. 

Durham,— W. P. Sherburne's 

WstofJ.W. E. Tliompst 



leof Pswlocka' 



North sii 
Epsom.-eHS 
Cautennity,- 

I SSI Nl'E^fr^WMih'ciiB 

suilon 

W m. S. from CuDterbury cen' 

U Di. N. of Cane Neck pond 

3 m. N. W. from Shaker Ville 

Frankll^— west put of tQlage. . . 

Nmh'Sfrtfl^V.V.'.- ',■.'.'.'.'.'.■. 



TopoThillsautharcen 

itbury. — S. part, too fit 

Soiitli village 

J.S.Morrtirs 

cii»en,-nearTiH^e.. 



of Fish. 



!j mile nor 


Ih of Wins! 


w 


house,. 










South side 


si? 

b, Andon 


ho 


se".... 








R«ged»ouni 




op 






East edge 


f Jaff^, 












S.W. con 


M 


ofjaf- 










Soath^asl 
Tod 


i^r^' 


» 


oflop,. 
ng.... 



New London,— near south Udc 
Sutton,— loulh part 



Ntwbuiy,- E. Nelsoi 



Mica schist.... 
Andaliultetchls 



Mies schist 

Andiliisiie gro'p, 



S. is° E. 
s! 6f E. 



S, 56" E. 
S.i.OE, 
S.51OE. 
S. 6i°E. 
S.s'°E. 

S. 46" 1 
S. aBO E, 



AbuDdaot ; not measured. 



ends with Merrimack Talley. 
', Upham, 



Also S. 75= E,, ot pethapi N, 7S° W.; 
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LOCALITY. 


ROCK, 


TRUE 


REMARKS. 




S-*^''"-- 


S.,5^E. 
III 

s:I5^k: 
III 

;Si; 
■SI 

1: =t° e: 

■M 

, 4'° E, 
. 16= E. 

,' °i° E.' 

s-ll 

i'ii 

S, =V E, 
S, 37" E. 

1 '■ 


W, Upham, 
C. T, Jackson. 

W. Upham, 

W, Upham. 

A downward ^lope. 

Eiposf d 40 feet long. 

W,tTphtn. 
Intersecli.«. 

This Is usually covered by w 
Intotsecting, 

At ocean level. 














Wainer,-soulh jidt of Mink hills. . . 


Sssll-.r'^':;;: 




Concord,— south foot of Hocse hill. . . 






















I.«iaon,-i mile N. E. from village. 
K mile soulh-cast from "Ridge", 








Ferrng. schist... 








""school Chouse mTi 'of "^imbal'i 
pond aod fuilher easl— higli.. . 


Montalban 




Bow,— sehool-houM, aoulh corner,... 
S. H.Et,}. H. Bartlelfs 
















8:S.*:::::::: 












































iKSti;:::::: 








Bridge, Hanover sireet crossing. 










Candin-,op of hill, west purt, J. 


.. 






















Raymond -! miles norlii of raii^i^ 


«£:::: 




Abbotta SmiUi'-s, fur'tjier no^. 




North of. alB.Deaibon.'i 




































West side of square, same hili.. 
g mllesoulh-e^ft^4™^: 














E.C, Sanborn's 


MtJrimajkVchisV 


ter. 


M ^l^lj^^of Newc^le brld^ 




^ (■i''m'l'"f '"id ^;S "^ ''°'"" 
















Seabrook,— north nan of village.. . . 


t-cffice. 






South Kingston,— C. Col'lini'a 
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LOCALITIES. 


ROCK. 


COURSE. 


REMARK., 


D 111 W B 1 ■ 


Merr!m«;kschfel 
GnsiB 


fi : 

11: 

Is ■; 

:^e! 
■ % i" 

If 

■ '.'° ^' 

S. 3.0 E. I S, 

-loOE. 
. 19" E. 

:s:i: 




Hampsiead,— J. E. Emerson's 




Cranite quarry 










MicaKhist 






















Mi" schist 










Mieaschisl 








I^ndonitny.-Mammoth road. N. 


Micaschisl 










Intersecting. 


Nashiii,--Merrimac!t rivEr bridge. . . 


Merrima'k schist 




















W. Upham. 
































Anda,usi«schi« 








Two places atioulh base of do.. 








wTp™"^,;. 












Hillsborough,— near Eorjli line. 


Porph.gneis,.... 


FinB«an,pl.; moved uphill in Nonh 






I:S|: 

Sou^h. 

s:36°K 

III 

sIjo^e: 

S. 15; E, 

S. ii" E, 
S. 1 30-25° E. 

I:g|: 


J. Macf-s,3 milo ea<t of yilkge. 
LvnaeboiooB>',-n"'"fi"d" drift. 




W. Upham. *■ 

Both nal! and I^Dor surbdcs striated. 


Mica schist 








^'"i^^hote^rr"!! "?""!"■■ 


SS£;::::: 










Polished smooth. 




Micaschisl::::;: 














1 mile east of Wlidurtlia^ 


W. Upham. 


Melsong^K mUe «M«1. of Mc^nson- 




W. Upham. 


SuUiian,— soulh-west comer 

Dl^FiewV.Vmi'i^'^tofd^^oi: 






;; 


MonlslbM 






C. T. Jackson. 










W. Upham. 


























W. Ufham. 
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LOCALITIES. 


ROCK. 


TRUE 


REMARKS. 


■ M 


G i 


S.=8' E. 

l;Si: 

S.jo" E. 

iSl: 

S. 10° E. 
S. 10" E. 

ill 

S. .o°E. x"s 

S. i° E. 
S.JS^E, 
South. 
S.WE. 

1:151: 

rll 

S,4'=E. 

s-lSI's. 

s. Si:^ s. 

75" E. 

S, 19° E. 
S.jo^E. 
S.^iOE, 

S,3i»E. 

¥^- 


W-Upham. 

C, T, Jackson. 

Up hill, 

f. Upham. 

Intereecling. 

End of ledge embossed. 

W. U^ham. 

Uncommonly fine. 
The same 1 mile west. 

W. Upham. 
W. Ufham. 

Noticed more fully in lei t. 
W. Upham, 

Inteisecling, and irregular bel 
IntersectiiiB; first cut by secoi 

W, Upbam. 

Boulders in a line, S. 40° E. 
W. Upham. 

Very line, 
Nnmetous. 






Potph. gneiss 








K.oiile soulh-east of W. Spald- 


















W«t K=ene, top of hiLL— Con- 








Mica schist 










Micssc 1st 

te^sl":::: 




NoMhofT. A. Stoddard's 

Wineh«ter,-4 miles N. N. W. from 




Westmotdand.— "Hiir viL\i«= 

Wal^l|.!^mik^so^h<^of's.' 










Mica schist 
















Mica schist 

Mica schist 




North-west base of Stony mt ... . 










ntiwiufan.,-, mile east of villaie. 
Quarry hiti, soulll of depot 


8s;.-.;::;::::: 










Porph.^ gneiss.... 


















coteschisii'.::::; 




Lemp! ler,— Lempster mount' in— top. 




















Unity.-south of Heal mine 


Mica schist 










■='"=■"0? BiSllu-S''""' '"■"'' ''"^ 












f 






Most cpmmon about v!]lae= 

I mile south-east from Clare- 
















Harber mouDtiin, south-west 
^side, near J, VoodeU-s 


Mica schist 




A. Brown's, W. Oark's, and 


























Coraid.,-wesl flank ^ Croydon 
4 mills south-west from "Flat"., 


Slate 




Croydon,— smith end* 'it Croydon 


CoSs schists 








Gnuithani.-M tnHs sou ih-cast from 






New London,-^3st end of Otter 


G 
















T. Cutriet's-tidEe 







Hosted by 



Goosle 



SURFACE GEOLOGY. 
Courses of Slrice — Contimied. 



LOCALITIES. 


ROCK, 


cjsa. 


REMARKS, 




G ■ 


S. 19OE. 

ill 

; 3!° e'; 

. 31" E. 

II 

:g|: 

S.3i=>E. 
S.i.'E. 

ISi: 

S. 16° E. 

'!,•■■ 

S.3'''E. 

S. a S. ai° E. 
S.si^E. 

S. 38^ E. 

s.ai-E. 

■"^ ■ 

'"^ '. 

■ '■"ow 

: .4° e: 




r|^vi;;'.;;;A-^«."ofw«i- 










South Hue neit George's mill ... . 


Andalusiteichisc. 


op 


■""ssis^i;:;;;;: 




v^i^' E^iuU^Iiy sm'o.h'^- ™ ""'"" 


Mica schist 


gSl!;£s".S.r':;;::::: 


1 Uncommonly fine embossment: val- 






Grafton,— achod-bouse So. 3 






Observed in two places. 










Trans-erselyuphiU, 






Gil«'<pmnade, west side 


MicHchi'st! !'-'.'.! 




Between schooi-house No. 1 and 








1 


St..visibl=fo.,ofoctandfn™. 


Canaan.— I milewesl of Orange sum- 








Hill notlb-west of East Canaan. 


























Enfield,-. n.ile east of vdllaee, on 


Lake gneiss 

SS,fc;;:::: 

Mieasehisi 

Gneiss 




West side of ril%e', near W, fi'ne. 








South-west base of Choale hill,.. 


Up hill, and easi side of rocky vaUey. 


Lebanon,— east edge of village 






&"■;.";;;::::■: 






On ledges close by ccurse is S. ;= E. 










Intersecting. 






School-house by 0. S. Maclin-a . 


Mica schist 

Cobs dale 

Clayslale 


Abundant. 












SiraKhin"":: 


Latter on lee side of first ; Jo not inlcr- 
Unusual; local (!). 




Copper nJne, " Rudaborongh ". . 


Enfidd side of Hoou n»n>ntaii>. 




W^CoYdl, hilUwp. N. part.. 


iSSivii 








Lynie,-below I. P Holt's, down 
valley from East Lyme 10 




t^Sl!lSifT;:^!^: 






;; 














Orfbrd^-topofMt. Cuba 


Tf; 


Abundant. 


Top of Sunday monnuin.; ■..'.'.■.: 












NearC.Alb«'5,"'''ilhp^t..:.. 


Very fine. 
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LOCALITIES, 


ROCK, 


TRUE 


REMARKS, 




MonulbM 


S, 3=° E, 

1:1 i: 

S".*" E, 

s;l==E,' 






















Homb.schiH,... 
Mi« schist 








I'^ir'ir""""'" 


Intersecting 




On large hill. 








Peaked Mill tanECIOSOUlli 


Quar"i<= 


C, T. Jachson. 





Stbi^ in States contiguous to New Hampshire. 



LOCALITIES, 


ROCK. 


TRUE 


,E„A,KS. 


nJ- j, and a^o brfo*- Dut- 


Day slate........ 

Calc, mica schist. 


S. 8" E, 
S,|W. 

S. 3.°-4''' E. 

N, ,o= E, 

S.JO-W, S,S 

N, 80= E, 

siI^-e: 

N, »" E, 

s:34=e: 

S, 41" E, 

S,i!"-S,«=E. 

S.J°E, 
S. 13°E,^, 

S, aj"-*!" E. 

s. ?s»%..s. 


Down a valley tiihglary 10 C 

Downhill, 

The common direcllon. 
Unusual direction, and local, 

towns were abundant, and I 
Runs up Lamoille -alley. 




^.V..^t%%-£!..\i\i.xi.:x-&',.-^... 


the local 


'^'trh'^J'jr."".'.^"""™''- 












Huronian 
















MicaschiVl!""'.! 

Huroman,,,:::;; 
















Canaan,— 2 miles west of Conn. tive.. 


Mica schist 

Huronian 


































Hutonian 

Micaschiii!!:;:: 
Micaschijt".::::: 

Calc.mlcaJ^isV, 
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LOCALITIES. 


ROCK. 


cJu^s\. 


REMARKS. 


M fi Id 


c ■ 


S, 1= E. and 

S. 8° %,-s. 

i:;£SI: 

s.vr..v 

l.SrfA 
%'&\ 

ill' 
''■S'k 

S.,6=E. 
S. 47°-5! E, 

s:V ; 
I:?5^i: 

S.ls'E. 
S.33°E. 
S,i9°E. 

E."of s: 

Ifl 

S, 640 E. 
S. 6!^° E. 
S. 34' E. 

'HI 

S. 6° E. 


J.H.HuMioglon. 
W. E. Logan. 

Very fin*. 
Very fine. 

Androsci^gin Valley marks m 
Down Bear River valley. 

Valley movement. 
J.^S'l^JtingTon.^' 






„ 












MkiSi ■.::::: 

MicsEchist 

Clay slate!!!! ill! 
MicnsohiM 














































Claysjale. 

Argillac. schist. 
Calc. mica schist 

Hitronian 

Cambrian!::.'!:! 
Andalusite schist. 

Mkischiil 
























Q.K.KC. 








































Pollon -tm. of tidge south rf Owl's 




Potttand,— north-wesi from custom- 




























. m. north of ^hg'ok, BtiijiKm. .. . 
BriiteMon, north-wBi of vjUage 










Mica schist 






Montalban 






te fully 


Chtireh in GllMd, north side 












Mantalban 
















Grafton notch— hi gheat point 


Micaijchis. 












sc-»°;:;=N?ssx.ti,: 


ilagalb- 
































„ 
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LOC*L,T..S. 


tOCK, 


COURSE. 


REM.^EKS 






c ■. 


S. =2° E. 
S. 5>° E. 

11 

wtofS. 
3° E.' 


On >™ll~"=iUhown. 
Accordlrg to Massachuse 




Hiram,— nonh viesi of Speclacic 


c ■ 




CoraisE.— oislpee ri«t, atwve vi'l- 


Momalban 








"■^'TE.'ir^:l^'5f;.?f.".'r!!. 








Ijmerick villMe ,. 

AIfred,-«'inae dorlh of 1*. Alf™l. . 










I)anvi]lejuBclioii,G. T. R 


i^bVian.;::::;! 

HuronJan 




Cpe Eliaibed.,-T. Savey', 


ommoc. 


Piafs id.,— Evt^reen landing 




Cap. EliialKi',-Rall'schkl iocalily. 




Massac Hcserrs, 
Nonhfid<l,-vcry near Nevf Hanip., 


Mica schist 












- 












-, 











Remarks. The table contains everything needful for explanation, save where more 
than one set of stria is mentioned. When two or more sets occur in immediate con- 
tiguity, not crossing each otiier, the fact is indicated by the use of the conjunction and; 
when two or more intersect each other, the letter x is employed, and the fact is usually 
stated in the column of remarks. 

The embossment of certain ledges in Pittsburg and Shelburne is peculiar, in that 
the lower part of the rock below the smoothed surface is rough. The ice may not have 
struck the lower part of the ledge; or, in some cases, the subsequent disintegration 
may have removed the lower part, leaving it as rough as the iee side. The Pittsburg 
examples may be eight or ten feet high, with a roughness of three feet, partly to be 
accounted for by the easy removal of rock o 
ping jointed planes. The Shelburne example 
below the station. The ledge is about 30 feet high and 7S long, and the roughness 
below the striated part as much as 6 feet. The irregularities upon the lee side begin 
at the very top of the eminence. The end struck is 40 feet wide, tapering to a blunt 
point, where the smoothed appearance disappears; and the inclination of the stoss 
slope towards the north-west is about 50°. 

Wall and floor surfaces are alluded to. This is because some writers insist that the 
former method of sculpture is never seen with iceberg action, being produced only by 
a glacier. As noted above, this species of moulding is very o 



of the presence of easterly dip- 
■e striking. It is about a mile 
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196 SURFACE GEOLOGY. 

The striE about Bible hill in Cbremont need further mention. This hill rises about 
350 feet above the plain of the village at its northern base. What is supposed to be 
the normal direction is about S. 12° W., which occurs commonly west of the summit of 
the hill for two or three miles, reaching beyond the Connecticut. North of the village, 
it isS. 15° E.; among the houses, 8.41° £. ; and on the east side of the hill, S. 23°-25° 
E., in a valley leading to Unity, On the south slope of Green mountain, east of the 
village, are intersections of the almost east course with that of about S. 12° E. On 
the westerly side of the top of Bible hiil the most common course is S. 6° E. with S. 
25° E. This is half a mile east from Crown's, Clark's, and Stone's, where the westerly 
course has been noted. We now proceed three fourths of a mile north-east to the 
"Flat Top," a spur of the hill, with scarcely any depression between. At the com- 
mencement, where the north-east slope begins, are strise S. 57° E. pointing back to 
Little Ascutney, and crossing others S. 1° W. Next are some S. 46° E., pointing to 
Ascutney. apparently marked on the lee side of strife pointing S. 1" W. to S. 1° E. 
Another ledge has stria S. 46° E. crossed by others S. 1° E. ; then S. 16° E. crossed 
by S. 41° E. and S. 51° E., the middle one the most common. Another ledge shows, 
in a narrow compass, the courses S. 21°, 36° 41°, and 57" E. Where the courses are so 
numerous, there is a marked tendency to irregularity ; the strise do not preserve their 
parallelism. A change of ten or fifteen degrees in direction will occur in a distance 
of less than a yard. Flat Top hill shows more of the irregularities than the highest 
summit to the south-west. Near the aqueduct, at the base of Flat Top, the course is 
S. 17° £. The impression was acquired at our visit that the south-east course cut 
those running southerly. 

This is the most remarkable mingling of stria 1 have ever met with. It is obvious 
that the field was crossed by the ice proceeding south-east and south, or from Ascutney, 
and down the Connecticut, The first were also occasionally deflected still more to the 
east by the large valley of Sugar river leading easterly to Sunapee lake. Some of the 
intermediate courses might have been caused by the meeting of the two masses of ice 
struggling to advance in different directions. Boulders from Mt. Ascutney are com- 
mon to the north-east and east of Bible hill. The locality needs further exploration. 

A few other interesting localities will be mentioned next before we attempt to draw 
the legitimate conclusions authorized by the list of strias. 

Mt. Monadnock. 

This mountain possesses a conical shape, rising about 2,000 feet from 
a comparatively level country, the elevation of the plain being 1,000 feet 
above the sea. Its composition causes the strias and embossment to be 
well preserved, while its isolated position illustrates one peculiarity of 
the drift-action. My father first described it in the Proceedings of tke 
American Association of Geologists and Naturalists, in 1842, in the geol- 
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ogy of Massachusetts, and in his text-book. He says of it,-—" From top 
to bottom it has been scarified on its northern and western sides. On 
its lower parts, especially on the south-west side, the strise run about N. 
W. and S. E., by the magnetic needle, as they do in the country around 
the mountain ; but, when we approach its top, the course changes to N. 
10° W. and S. lo" E. Other strias are seen here on steeper slopes, both 
northern and southern, than I have found elsewhere." 

The observations given in the table were mostly taken in 1871. It 
would appear that the common direction in the vicinity of Monadnock 
is about S. 12° E., the towns north showing a few degrees additional of 
easting, while the mountain itself, from the lake to the south-west corner 
of Jaffrey, about eight miles, exhibits, on its north-west flank and southern 
edge, the south-east course. After looking over the whole area, one sees 
that the ice coming from the north and west of north struck the moun- 
tain and clung to it closely, so much so as to run much more easterly on 
the south edge than elsewhere. Over the region to the south-east all 
trace of this easting is lost, the strias in JaiTrey running S. 11° E., much 
like those of Troy and Marlborough. I have not explored the east side 
of the mountain ; it is mostly covered by trees. Hence it is impossible 
to decide upon the value of Mr. Wheelock's theory, from present explora- 
tions. I understand his view to be, that Monadnock was an island in a 
sea full of icebergs, which struck equally strong upon both the north-west 
and south-east sides. There is certainly a dearth of striated ledges upon 
the south-east side, while even the earth has been largely removed from 
the north-west flank, so mighty has been the planishment of the rock. 
The strije on the south-east side should all point south-westerly, if the 
summit were an island scarified on both sides by icebergs. Mr, Whee- 
lock's paper is a very valuable one ; and that part which relates to stride 
is herewith reproduced. 

Stri<x on Mt. Monadnock* Having, in, the last three years, spent many days in 
studying the strife upon Mt. Monadnock, tiie writer is unwilling that the results of his 
observations should be lost for want of record, especially as they seem to have an im- 
portant bearing upon unsettled questions of surface geology. This mountain is pecul- 
iarly favorable to such study. Its long spurs radiating from a central elevation, though 
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less regular than the points of a star, yet present to four points of the compass 
long ranges of bare rocks, which have recorded the markings of fhe ice-period, with all 
their variations of direction, and furnish a lesson not to be found, perhaps, in any other 
locality. To understand fully the meaning of the evidence herein detailed, it is neces- 
sary to have a clear idea of the relative bearing and position of tliese radiating ridges 

For the sake of clearness of description, we will suppose the principal ridge, which 
runs N. 25° E., 10 be straight, and to be four miles long. This ridge was an uplift, 
sloping towards the west, and presenting its broken and precipitous face towards the 
east. It is like a dam set obliquely across the current of llie northern drift, and its 
serrated edge rises from 1,500 to 2,000 feet above the surrounding country, growing 
higher from each end to its central parls. If we suppose a section of this range near 
the centre to be pushed some iifly rods further west, and elevated to the height of 3.280 
feet, we shall have the summit of Monadnock. A short spur projects west of the sum- 
mit about a mile, and divides into two branches. These we will call the west and 
north-west spurs. The two ends of the dam we will call the north and south spurs ; 
these, with the western spur and its north-west fork, complete tiie outline of the moun- 
tain, making four radii. 

Numerous observations of the direction of drift stris made in the adjoining towns 
show very general uniformity. They have a range of not more than ij°, varying ij" 
west of north to north and south. On the summit of Monadnock the direction varies 
within the same limits. Only one set of striae was noted there as 5° east of north. So, 
too, following along the north-east spur, there is no change in the strl^ so long as the 
altitude remains the same. The crest is all naked rock for two and a half or three 
miles, and frequent observations can be made. Just as fast as the ridge falls off in 
height, the stris gain a more westerly direction, becoming 15°, 20°, and 25° west of 
north ; where the rocky ridge terminates and is succeeded by open pastures, 30°, and 
in many places 40°, were noted as common. Appearances indicated a local deflection 
of a current around the northern end of this long dam. 

Although a special expedition was made to what was called the north-west spur, the 
lower portion of it was so much covered with drift that few exposed places could be 
found. Some five or six, however, and all that were noted, showed stris N. 25" E. 
All the higher portions of the ridge were striated like the summit and the ridge before 
described. 

Another day's expedition was made to the west spur. Standing on the crest of this 
lofty ridge, and looking towards the south, the view is unobstructed to the horizon. 
The stria all along this ridge are innumerable, and all north and south. There is no 
opposing ridge near, to lead one to expect south of this a change in the striae. On the 
contrary, there is every facility for the drift current after passing this ridge to continue 
on in a straight course. The southern spur is a mile or inore off on our left, and pre- 
sents a high opposing barrier towards the south-east, but none towards the south. Why 
should the drift current, after passing this ridge, suddenly turn towards the east and 
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climb the steep and lofty barrier of the south spur? Nevertheless, there are indications 
of just such a change as this. 

If we place one foot of a pair of imaginary compasses on the summit of Mt, Monad- 
nock, and with the other strike a curve from the west spur to the south spur, we shall 
hardly have made a more complete change of direction from one spur to the other than 
is indicated by the stride in the short space of a mile and a half. It is difficult to pass 
over all parts of the valley between these two spurs, the upper portion of it being ex- 
tremely craggy or uneven, it is better to go down to the open pastures at the base of 
Beginning at the foot of the western spur, and skirting the base of the 
ain towards the east, the first thing to excite attention is the immense number of 
boulders. They exceed in multitude any other deposit about the mountain, but form 
no part of its talus, which does not fall on this side. They seem to be in some way 
connected with the change of the drift current, which began at this place, and with the 
position of the ridge, under the lee side of which they lie. Passing through these boul- 
ders, which continue for half a mile or more, we come to the first bare ledges. These 
are marked with stri^ N. 20° W. These are soon succeeded by others, 30°, 40°, and 
50" west of north. They may not all occur in regular order. On some ledges there 
are two or three sets of stria of different angles. Proceeding a mile and a half, we 
arrive at the easterly slope of the south spur, near the Mountain house. The road to 
this house was built north and south on sloping ground ; and for half a mile the fresh 
surface of the rock was in many places exposed to view. It is everywhere scratched 
and polished. These scratches vary from 50° to 60°, and 70" west of north. Climb- 
ing the slope of the ridge, everywhere the exposed prominences of rock are embossed 
in the same direction. Arriving at the crest of the ridge, it is everywhere serrated 

On this height we again overlook the whole country. Here, on the narrow crest of 
the ridge, the stria: are very generally N. 40° or 4;° W, In one place an angular 
trough, perhaps 20 feet long and 6 feet deep, runs across the crest. In this are long, 
continuous stris due east and west. They appear to be exceptional, and suggest the 
idea that this siiallow trough had been able to control and change the direction of the 
striating force. Standing on this ridge, and looking towards the east, we see that the 
mountain on this side is very precipitous, and that probably there are no stride on its 
broken surface. Higher up the mountain, within a thousand feet of the summit, the 
strife are 35° and 30° west of north ; lower down, at the extremity of the south spur, 
the end of the long dam, they vary from 40° to 25° west of north. What kind of striw 
should we expect to find under the lee of this four-mile breakwater? Another expedi- 
tion and another day were required to answer this question. The country east of the 
four-mile ridge is mosdy wooded and difficult !o traverse. The rock is mostly covered 
by drift. Beginning at the south end, and travelling north, no strife were found until 
two thirds of the distance had been passed over. Curiosity was at last gratified by 
finding large, flat surfaces of naked rock, scored al! over with long parallel lines much 
better preserved than those on less wooded and more exposed parts of the mountain. 
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It would be difSeult to decide what was their prevailing direction. Multitudes ran due 
east and west ; some few, north and south ; some, N. 10" W. ; some, N. 10° Z. ; many, 
N. 70° and 80° W. ; many, N. 70" and 80° E. No theory of mountain slides could 
explain (his remarkable scratcliing ; the situation seemed to forbid such an explanation. 
These observations were made on many different ledges, but all of them within half a 
mile of each other, and within a mile of the north end of the ridge. When a rapid 
stream, with a current of three miles an hour, passes a rock in its bed, water will flow 
around the rock and meet on its lower side. Do not these irregular stria; indicate a 
changeable and eddying current inconsistent with the motion of a glacier? 

Mts. Kearsargk and Ragged, 

Mts. Kearsarge and Ragged rise abruptly from a comparatively level 
country, like Monadnock, but, being situated near each other, not quite 
six miles apart, the conditions gave rise to a different motion of the ice. 
Ragged is not so completely isolated as Kearsarge, being connected with 
mountains in the north part of Andover. Sutton, Salisbury, and Hill 
have the average direction for stride of about S. 12° E., while in Warner 
there are several degrees more of easting. The parts of Wilmot and 
New London next to Kearsarge do not show striated ledges. Starting 
from Warner, on the south, the table shows the change from S. 20° E. to 
as high as S. ^6° E., it being nearly sotJth-east on the summit. On fol- 
lowing down the north side, the easting falls off to S. 36° E. at the Wins- 
low house, but reaches N. 67° E. in the valley by Potter Place. Similar 
figures continue all the way to the top of Ragged mountain from the 
southern base. At the last house, — 1,100 feet {450 feet above Potter 
Place),— the strife run S. 71° E.; at 1,340 feet elevation, S. 31° E.; at 
1,650 feet, S. 46" E.; at 1,775 f^^^' ^- -^3° ^■' ^^^^ same for 200 feet fur- 
ther; at 2,000 feet, S. 36° E.; at 2,100 feet, S. 23" E. and S. 51° E. Here 
the embossed ledges are numerous, while the stris arc much worn. The 
S. 50° E. course appears higher up, but not on the summit or at the sig- 
nal, 3,256 feet, where the direction S. 23° E. is to be seen. We have, 
therefore, two well marked directions, very much as on Monadnock, the 
S. 23° E. course appearing by itself on the summit, while the south-east 
lines show themselves all the way down the south slope. 

Considerations will be presented soon, showing that there was some- 
what of a local or valley movement of ice down the Blackwater river. It 
may be that the greater eastings of the strias about Potter Place are 
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due to other causes than the mere influence of the two mountains, so that 
we cannot strongly insist that the easterly movement of the striaa from 
Hill to Warner is entirely due to the presence of the two mountains. 
The only feature where this case is uniike Monadnock, is the easting at 
the base of the mountain, which we see may have been produced by an 
independent movement. 

Other Mountains similarly Striated. Of other mountains similarly 
situated, some exhibit the same kind of ice-action. Mt. Gunstock has 
S. 62° E. stride on top. and the S. 32°-35° E. course on the east side, bor- 
dering Lake Winnipiseogee. Mt, Lovell in Washington shows the direc- 
tion S. 36° E. on the summit, while it is commonly S. 2!° E. in the north 
part of the town, though crossed by a set running S. 41° E. Lempster 
mountain summit shows the direction S. 41° E., and it is S. 21° E. on the 
west side. On Mt. Cuba we find S. 28° E. and S. 37° K, while it is com- 
monly west of south in Orford on the west, and S. 22° E. in Wentworth. 
Moose mountain in Hanover shows S. 38° E, on its summit, while the 
course is south on the western side, and S, 19° E. on the Entield side. 
There is a south-east course in the middle and south-east part of Hano- 
ver, which may have some connection with these movements on the ele- 
vated summits. Sunapee mountain would be expected to agree with its 
neighbors, but no observations of stride have been made there. Mt. As- 
cutney, just out of the state, exhibits phenomena worthy of mention here. 
This has the same altitude with Mt. Monadnock, while the land about it 
is more uneven, averaging less than around the Cheshire peak. Owing 
to the rapid disintegration of the rock, stri;e are scarce, and perhaps the 
few examples discovered should not be taken as truthfully representing 
the general courses, The very summit showed a due south course. About 
300 feet lower down, on the north-east side of the mountain, following 
the Windsor path, are striae running due east, or N. 80° E. They rest 
upon a wali inclined 70° N., and point down the mountain towards the 
south part of Cornish. Others in the neighborhood run S. 20° W, About 
two thirds of the way down are other distinct striae running S. 10° E.; 
and no others were seen on the mountain proper. On reaching the dam 
over Mil! brook, west of Windsor village, the course S. 30° E. is seen, 
and a few N. 70° E., a very unusual direction, supposed to have been 
the result of some local disturbance. In Weathersfield and Claremont, 



Hosted by 



Goosle 



202 SURFACE GEOLOGV. 

along the river, the usual course is west of south. Observations west of 
Ascutney are wanting. It appears, therefore, that the observations are 
not ample enough to say positively, though it is probable, that the stria- 
tion of Ascutney is like that of Monadnock. 

Mt. Pleasant, in Denmark, Me., may also be mentioned as allied to 
Monadnock. South of the mountain the course is S. I3° E.; east, it is 
S. 20° E.; north, it is S. 8° E.j while one observation in Fryeburg, to the 
west, reaches S. 32° E. On the summit the strise run S. 41° E. On the 
north-west side, following down the path, good examples occur of the 
course S. 3l°-33° E. Lower down are others less satisfactory, running 
S. 52° E. Not far from the Half-way house are some seemingly local, 
running west down the hill. 

Certain other elevations in the state, with topographical surroundings 
like Monadnock, show little difference in the direction on the summit 
and the neighboring plain. Such are the Moose mountains in Brookfield 
and Middleton, Teneriffe in Milton, New Durham ridge, Catamount hill 
in Pittsfield, Blue hills in Strafford, Saddleback in Northwood, Temple 
mountain, Barrett mountain in New Ipswich, etc. Crotched mountain in 
Francestown, Ossipee in Carroll county, and Pawtuckaway in Notting- 
ham, have not been studied, while Green mountain, Effingham, is too 
thoroughly disintegrated to preserve any markings. 

Predominant Courses of Stri^, 

The Vermont geological report states that the stride may be classed in 
three divisions, — those pointing to the south-west, south, and south-east, 
the first being the least common. The south-west course is much more 
infrequent in New Hampshire, while the south-east direction is more 
prevalent than in Vermont. A sketch map in Volume I (p. 542) shows 
the general relations of these three kinds of movement for both states. 
Many of the striae are so disposed that they may be believed to be the 
result of valley movements. In our researches we have constantly asked. 
How much do topographical features influence the course of the striie.' 
The replies forced upon us insist that a portion of the directions is due 
to topographical features, while others — the majority — pursue a fixed 
course, in total disregard for all obstacles. The first we have styled val- 
ley movements. A part of these are distinguishable from the others 
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where the course of the valley corresponds with that of the neighboring 
strise. 

The south-east courses commonly occur upon the most elevated moun- 
tains, both in New Hampshire and Vermont. The whole Green Moun- 
tain range, and the loftier Presidential line of White Mountain summits, 
show this direction of marking. Scarcely any other course is known in 
Coos county, and it is common al! through the Lake and Coast districts, 
including Essex county, Mass., and all the mountains of the Monadnock 
type. On comparing these courses over so much of New England with 
the customary south-east course of the valley of the St. Lawrence, one 
perceives a very striking contrast, and has the difficult problem of the 
course of the south-east current set sharply before him. How could the 
ice-sheet climb the highest New England mountains from the low St. 
Lawrence valley, and then press onward to the sea ? I will not attempt 
the answer at present, but offer, in the first place, our reasons in full for 
believing the ice current passed over the summit of Mt. Washington, 



Evidence! 



' Glacial Action upon Mt. Washington. 



As this is the highest summit in the whole glaciated area of North 
America, geologists have been greatly interested in examining its sides, 
to note how far the ice-marks could be found. The most important visit 
in that regard was that of my father in 1841, and the observations then 
made universally accepted. Most other geologists have visited the moun- 
tain, but have had no occasion to publish anything about the phenomena. 
My father, in 1841, became greatly interested in drift phenomena, and 
visited the White Mountains for the purpose of determining the limits of 
the ice-action. He came from Conway through the Notch, passing up 
the Crawford bridle-path. "Along the whole course of the valley," he 
says, " I noticed rather fewer of the phenomena of drift than in most of 
the mountain vaUeys of New England." After describing the route of 
the path, he says, — 



All the peaks which I ascended are made up of broken fragments of this slate, which 
have been entirely removed from their original position by frost, and form sometimes 
a coaling of loose angular blocks several feet thick. This is particularly the case upon 
the summit of Mt. Washington, and downward about 1,000 feet [see frontispiece, vol, 
i] ; but in all the valleys between these peaks more or less of the rocks appear in place. 
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and here I discovered many examples of embossed rocks. They are, as we might 
expect, much less distinct than in many other places less exposed to decomposing 
agencies, and I should probably have passed by them without recognition, had I not 
previously examined many other more distinct examples. So far as Mt. Clinton has 
been uncovered, it seems one huge boss more or less rounded. As we begin lo ascend 
Mt. Pleasant, the embossed rocks are quite distinct ; and here, (oo, are boulders most 
evidently transported. Here, too, I discovered stride running N. 30" W., S. 30° E., 
corresponding essentially with the general course, of striie on the mountains of New 
Hampshire and Massachusetts. * * Near the south foot oCMt. Franklin is another 
example of the embossed rocks with boulders, • • Finally, at the south foot of Mt, 
Washington, near a small pond called Lake of the Clouds, is a tliird example of the 
Roches iHOutonnes. It is less distinct than at the other localities, as the rock here is 
more broken up by frosl ; still it is impossible for a practised eye not to recognize 
them. And it ought to be stated that here it is the north-west exposure of the rocks 
that has been most powerfully acted upon, proving conclusively that the force was ex- 
erted from that direction. " * Can there be any reasonable doubt that the rocks on 
the summits of all these peaks were once abraded by the same agency, and that, were 
they in place, they would still exhibit traces of it? 

CoRclnsions. In the first place, the same gl a cio- aqueous agency that has operated in 
3 south-easterly direction over the northern parts of (he continent, at the lowest and at 
intermediary levels, has acted in the same manner and in the same direction upon the 
summits of the White Mountains. • • Hence, thirdly, we have no reason to sup- 
pose that the White Mountains have ever been a centre from which boulders have been 
dispersed ; and no evidence has been discovered on the sides of the mountain of the 
former existence of glaciers. *•*«»» 



But as no ice-marks were discovered on the highest summit, my father 
and others could not affirm what they seemed to have believed, that the 
glacier did move over the summit. Every geological text-book in the 
land has followed the leading of the facts just stated; and it has seemed 
an established dictum, that no ice marks could occur above about five 
thousand feet. 

In 1870 I traversed Mt. Washington, following the usual paths, and 
discovered small transported stones of a nature foreign to the moun- 
tain, at an altitude of 5,800 feet. The locality was at the then upper 
tank of the railway. Not much search was made, as it seemed prepos- 
terous to question the conclusions of my predecessors, though ray note- 
book stated that the ledges above these pebbles exhibit the usual appear- 
ance of embossment produced by glacial agency, the force having come 
from a north-westerly direction, but no striee were seen upon them. In 
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the years following scarcely any thought was bestowed upon the subject ; 
and it was almost by accident that, in 1875, I found decisive evidence to 
prove the passage of the glacial sheet over the summit of Mt. Washing- 
ton. Very shortly afterwards the story of the discovery was communi- 
cated to the public, as follows, at the Detroit meeting of the American 
Association for the Advancement of Science : 

The first suggestion of this novel proposition came to me the last day of July, iS?5, 
from an examination of the somewhat rounded stones of small size lying along the car- 
riage-road upon the north-east side of the mountain, about two hundred and fifty feet 
below the summit. I stumbled upon two boulders of granitic gneiss foreign to the 
mountain, one nearly ten and the other six inches long. This raised the altitude at 
which transported materials existed to above 6,000 feet. Observation showed that 
these boulders came invariably from the earth underlying the conspicuous angular d^ 
bris common all over the peak above the line of trees. In repairing the road, the 
workmen usually dug beneath the surface blocks before obtaining a material suitable 
for their purposes, and there always seemed to be a plenty of it. This earth proves to 
be the ordinary ground moraine of modern glacialists, full of the worn angular and 
roundish stones, which have been fashioned peculiarly by being shoved along. Large 
boulders are not common in it, though abundant elsewhere. These stones are usually 
of the same mica schist and gneissic rocks that compose the adjacent ledges ; and this 
kind of ledge extends to Israel river, five or six miles distant from the top of Mt. Wash- 
ington in a north- westerly direction. Were these deposits situated in the lowlands, 
they would be pronounced at first sight by any one to be the common drift heaps of 
the neighborhood. I did not discover satisfactory evidences of striation upon the few 
stones picked up near the two boulders of granite just mentioned, but they possess the 
characteristic shapes of those that are covered with scratches elsewhere. Some are 
pointed at both ends, being either flattened or round along the middle. Others are 
squarish or trapezoidal, with rounded corners. Many resemble perfectly the shapes 
figured by Geikie in his recent work on The Great Ice Age; and, in fact, they are 
of the constantly occurring forms familiar to all glacialists. The rock is quite soft, and 
that fiict may explain the absence of striation. 

The question naturally arose, as I lifted up these stones. Are these the shapes result- 
ing from the cleavage of ledges by frost? No, it could not be ; some agency of trans- 
portation other than the falling down a slope has worn oiT the edges, smoothed their 
surfaces, and mixed them with earth. The glacial ice must have transported them, 
though they cannot have travelled more than five or six miles, or the limit of the extent 
of this kind of rock. If this were so, then the whole of Mt. Washington was covered 
by the glacier ice. Thus I reasoned with myself, and began to look further. Remem- 
bering that these glaciated stones came from below the surface, 1 sought for localities 
where the lower earth had been excavated. The first case examined was the founda- 
VOL, III. 27 
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tion of the Mt. Washington hotel. In laying the foundation of this edifice, — nearly 
two hundred feet long, — the angular debris was first taken up and placed in the cellar 
walls. When this had been used up, the workmen reached the same moraine mass 
which occurs below, along (he carriage-road. Some of the earth was sandy, and went 
into the composition of the mortar used on the walls. There was scarcely any ledge 
requiring removal. I examined such of the stones as reniained in the cellar as well aS 
possible with a dim lantern, and found everything in agreement with the character of 
the materials seen two hundred and fifty feet lower along the carriage-road. The stones 
assumed the ordinary glaciated shapes, but I did not discover any material foreign to 
the mountain. One of the quartz fragments seemed to show traces of smoothing or 
incipient striation. 

Next, I examined the excavations made for the road between the house and stables, 
and obtained several small boulders, four or five inches long, corresponding in mineral 
structure with the iedges in Randolph and jefferson, twelve or fifteen miles away. The 
general color of the rock is so like that of the mountain that one would not perceive 
the difference between them without close inspection. The mica is arranged differently 
in it ; the white parts are more abundant, though in fine grains, and the rock is evi- 
dently the same with the upper member of what I call the "Bethlehem gneiss" in the 
New Hampshire reports. The highest point at which stones of foreign origin were ob- 
tainable may be twenty or twenty-five feet beiow the very pinnacle of the mountain. 
Hence it is fair to conclude that every part has been covered by the glacial ice. The 
glaciated stones, composed of the same material with that of the mountain, are com- 
mon all along this road to the stables, and elsewhere in excavations over the summit. 

Being unexpectedly called away, I had not time to search carefully for strife upon 
the ledges. Just beyond the signal station dwelling I found a flat ledge sloping a little 
north-westerly but precipitous on the south-east. Atmospheric agencies have marred 
the surface so much that no strise are visible, even if they ever existed. 1 had pro- 
posed to scrutinize every harder projection of quartz with a lens, as this course some- 
times reveals striation where other inspection is unavailing. Were this ledge situated 
near the Lake of the Clouds, where embossment is common, I should point it out 
tinhesitatingly as an example of ice-sculpture, though much degraded by weathering. 
The shape agrees with that of thousands of glaciated ledges in other parts of the state. 
Other ledges on the mountain further north resemble this one. Inasmuch as the trans- 
portation of materials is clearly proved by the presence of the Jefferson rock upon the 
summit a few rods away, it will not be unreasonable to believe that this apparent em- 
bossment is real. The altitude of the ledge is the same with that of the site of the 
travelled stones. 

The disposition of the large blocks upon the summit is noteworthy. Several acres 
of surface are covered by them far away from visible ledges. As you approach a ledge, 
it is easy to see what fragments have been separated by frost action, as the projections 
match the indentations ; and a very few feet of distance represent the extreme amount 
of removal, save on a steep slope. Since the surface covered by the large angular 
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blocks is quite extensive and comparatively level, it is fair to conclude that the trans- 
portation has been affected by the glacier and not by frost. The latter agency, how- 
ever, has very industriously operated upon both ledges and boulders in post-glacial 
times, so that the shattered ledges, tlieir fragments, and the fractured bouMers form a 
continuous field of angular debris over the whole upper cone of the mountain. 
From these facts, the following conclusions seem legitimate : 

1. The glacial ice completely covered and passed over the summit of Mt. Washii^- 
ton in a south-easterly direction, 

2. It brought along a large amount of moraine rubbish and glaciated stones, which 
were disposed in various hollows and convenient locations about the mountain, in the 
same way that the ground moraine is distributed in the lowlands. 

3. Subsequently an immense number of large blocks of stone, taken fi-om the north- 
ern slope of the mountains, were transported to the summit (as weii as beyond), and 
left overlying the liner earth debris of a previous transport. 

4. Frost and gravity have been acting upon the boulders thus transported and the 
ledges, so that every large block has been split up into smaller ones ; and this angular 
debris entirely conceals from view the previously formed moraine, and the summit is 
apparently destitute of soil. 

After the announcement of this discovery, it was objected by some 
that these transported foreign stones might have been brought by team- 
sters or by the railroad. It was said to be a common custom for the 
men to place canvas over articles in their vehicles for protection, and to 
fasten down the cloth by stones. On reaching the summit, t[ie stones 
would be thrown away, and perhaps the glaciated bits might be some o£ 
the fragments thus transported. The boulders I found were not over 
two pounds in weight. These would hardly be sufficient to hold canvae 
down in a wagon in the teeth of the formidable winds often blowing at 
the summit. Still, I thought it best to search further in localities not 
reached by debris. About fifty feet below the summit, midway between 
the railway and carriage-road, I soon found a rounded block of light gray 
Bethlehem gneiss weighing ninety-one pounds, evidently the rock that is 
common about Jefferson, but very different from the material composing 
the mountain. It lay beneath other fragments of stone, partly embedded 
in earth, and showed patches of the common yellow lichen of the summit 
growing upon it, older than the date of the building of either road. I 
therefore concluded that no human agency ever brought this heavy stone 
and planted lichens upon it ; nor is it probable the ones first discovered 
reached the summit except as borne by ice. Hence th^ proof of the 
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presence of glaciated foreign transported boulders upon the summit of 
Mt. Washington is indisputable. These consist of two different mem- 
bers of-'the Bethlehem group, together with a trap rock of unknown 
origin. The larger boulder is preserved in the state museum at Hanover. 
Further examination of the smoothed Jedge west of the signal office 
confirms the impression of ice-action mentioned above. Faint markings 
indicate the course of S, 43° E., while the smoothing is very obvious to 
the touch, and is best seeu where some of the ledge had been recently- 
exposed, and especially upon a finer-grained stratum than usually oc- 
curs. The weather roughens every exposed surface in a very short time, 
so that this smoothness cannot be expected to continue a great while. 
This example was shown to Mr. E. Lewis, Jr., of Brooklyn, N. Y., a geolo- 
gist familiar with glacial phenomena, who agreed with me as to its nature 
and origin. The course of the stria2 and dispersion of the boulders both 
indicate the movement of the ice to have been from the north-west to 
the south-east, a direction in unison with corresponding phenomena 
upon the neighboring summits. It is therefore clear that the ice moved 
south-easterly from the St. Lawrence valley towards and over the high- 
est ranges and peaks of New England (6,291 feet), in the direction of the 
Atlantic ocean. Our discoveries may increase the difficulty of explaining 
glacial phenomena in New Hampshire; but it is better to meet the truth, 
though formidable, than to adopt errors. All speculations, claiming that 
Mt. Washington rose above the ice, or constituted the central peak from 
which local glaciers radiated in the height of the glacial period, are false. 
It will be shown soon, however, that local glaciers occupied the flanks of 
the White Mountains during the decline of the ice period. This does 
not interfere with the fact of the earlier mightier movements. 

Directions Wbst of South. 

A few examples of a current west of south have been observed. The 
first of importance occurs upon the east side of Mt. Washington, pass- 
ing from Gorham up the Peabody valley to the Glen house, thence to 
the height of land and down the Ellis valley past Jackson. The course 
is S. 15° W. near the Glen house ; S. 3° W., half a mile south ; and per- 
haps a little east of south into Jackson. The valley must have been 
filled certainly as high as the Half-way house on the carriage-road, where 
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the course is S. 8° W. Perhaps the most natural way to explain this 
case is, to say that ice from the north entered the mouth of the valley 
at Gorham, and, being powerfully urged onwards, followed up the Pea- 
body river, because that lay in the direction of least resistance. Whether 
this action was coeval with the motion on Mt. Washington, is doubtful; 
most Jikely the intensity of that force had somewhat abated before this 
culminated. The valley is on the lee side of the mountains, and might 
possibly have been moving at the same time with that on the summits 
without inteference. Dr. Packard has cited this valley movement as an 
illustration of a local glacier passing northerly down the Peabody river 
to join the Androscoggin.* In this he is followed by Vose.t The latter 
thus states the case: 

The Peabody river rises upon the eastern slopes of Madison, Adams, JetTerson, Clay, 
and Washington, and upon the western slopes of the opposite range of the Carter 
mountains, — the Imp and Mt. Moriah, and flows about N. N. E. to Gotham, where it 
joins the Androscoggin. The surface geology of this valley is exceedingly interesting. 
It has been carefully studied by Dr. Packard, and, from the arrangement of its 
terraces and the other forms of the unconsolidated material, he concluded that a large 
glacier once occupied this valley, extending as far down as to Gorham. His conclusion 
is somewhat confirmed by the following facts: About 150 yards north of the Glen 
house, just south of a large boulder upon the west side of the road, the surface has 
been cut open, and has exposed a portion of a ledge, perhaps a dozen feet in length 
and a yard wide, on which, at right angles to the contorted lamination of the rock, 
faint lines, or, rather, furrows, are seen, running N. 35° E. or S. 35° W. This ledge 
was covered several feet deep by the material of the terrace in front of the Glen house. 
Just across the valley from the hotel, where the carriage-road commences to ascend, 
the upper part of the large exposure on the right hand is well polished and furrowed in 
a south-west direction. Half a mile further up the road, furrows upon the right side, 
close to the road, are seen running S, 40" W. or N. 40° E. ; and, again, a short dis- 
tance above the path leading to Tuckerman's Ravine, upon a surface somewhat inclined 
towards the road, may be seen lines running S. 30° W. ot N. ^0° E. Many more 
traces would doubtless be found in this neighborhood, if sought for with care, as the 
few recorded were noted without stepping out of the common road. 

These and other examples given in the table have been carefully ex- 
amined; but I am satisfied the force proceeded up instead of down the 
valley. If the facts about stoss and lee sides of ledges declare truth. 
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there can be little doubt as to the south-west direction. Some of the 
examples given require scrutiny to decide which is the stoss and which 
the lee side, but all present the same appearances. Perhaps the most 
satisfactory cases are recently exposed by a clearing midway between 
the Glen house and the saw-miil, not seen by either Packard or Vose. 
The rounding on the north sides of the domes here is very conspicuous, 
while the south sides are rough and uneven, though not so much so as 
in the most perfect examples of stoss and lee action. At the lower end 
of the carriage-road the smoothing occupies a broad face of rock 200 feet 
long and 40 wide, with the north-east end the most worn. Two miles 
up this road the markings are on a vertical wall exhibiting a well defined 
example of the north-east force. A short distance south from the Glen 
house, where a tributary enters from the south-east, the greatest amount 
of wearing appears at the angle of the fork, and not upon its sides. 
All these cases show clearly that the principal force, or that making the 
striae and producing the embossment, proceeded west of south, and not 
northerly. There may have been a later current down the valley in the 
decline of the period, but this did not have strength enough to score 
the ledges. This later current ej:plains the origin of the immense thick- 
ness of stratified deposits near the mouth of the Peabody river, called 
moraines by Packard and Vose. They are relics of the ancient flood 
plain, produced by the glacial river after the ice had been melted, cer- 
tainly as far up as the Glen house. These terraces are very conspicuous 
as far south as the mouth of Miss Barnes's brook, and show differences 
in coloration like those between the upper and lower till. Mr. Upham 
agrees with me in this view (see p. 141), without any conference or sug- 
gestion whatever from me. 

The next examples of the movement west of south occur on the west 
side of the Presidential range, and seem to connect with the Connecticut 
Valley movement. It has not been observed in Carroll, probably be- 
cause of the scarcity of ledges. Observations are also wanting for 
Whitefield. Bethlehem abounds with them. The north-west slope of 
the Mt. Agassiz eminence has been powerfully struck and smoothed by 
it. This current passed over the summit of Mt. Agassiz, and followed 
some portions of its southern slope. From here southerly the current 
is merged with that of the Connecticut Valley movement. That seems 
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to commence with the Passumpsic. The great westerly bend of this 
valley below DaUon, and the sudden fall of the land, may have prevented 
the ice of the upper Coos flats from descending to Barnet. Certain strise 
in West Littleton, near Milliken's saw-mill, cross the Connecticut, and 
ascend Gardner mountain in preference to following around the lowland. 
Our numerous observations in Littleton, Lyman, and Monroe show that 
the prevailing course was a little west of south, conforming both to the 
longer axis of the Gardner range and the Connecticut valley. The whole 
area of this westerly course may be readily referred to the Connecticut 
Valley movement, of which more will be said beyond. 

Another area, showing a counse west of south, is in the Lake District, 
We have on the south slope of Pequawket, S. 6" W. (misprinted in the 
table); Madison, S. y° and 12° W., besides S. and S. 2° E.; Brownfield, 
Me., S. 18° W.; Eaton, S. 3° E. This area is essentially a valley sloping 
southerly ; but there are no indications of this direction in its continua- 
tion in Ossipee or Wakefield, nor in the broad opening to the south- 
west between the Chocorua and Ossipee mountains. The striae point 
south-east in both these localities. Hence the reason for this course 
in the Lake District is not obvious. Probably extensive explorations in 
Maine will be required for the solution of this problem. 

Those nearer the coast might he referred possibly to iceberg agency, 
or to some connection with the ocean. They are at Cape Elizabeth, 
close to salt water, S. 8° W.; at Limington, Me., S. 33° W., numerous 
and well marked for half a mile's distance, seen in crossing a hill ; at 
Danville Junction, Me., a little west of south ; and at Bow lake in Straf- 
ford, S. 31° and 58° W. The usual direction in this neighborhood is 
fairly at right angles with these. Is it possible that these are scanty 
relics of a once abundant south-west glaciation .* Some of the lenticular 
hills, about to be described, are arranged in a line suggestive of a con- 
nection with a south-westerly current, much more extensive than is indi- 
cated by the stria2. The course of S. 59° W. in Sutton cannot easily be 
classed with either of the foregoing. 

We cannot properly appreciate the importance of this movement 
without reference to other observed examples obtained outside of New 
Hampshire. In Maine they are S. 8° W. at Saco, and about the same at 
Rockport. In Vermont they are S. 50" W. at Halfax centre ; S. 28° W. 
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at Marlborough. In Massachusetts they are S. 20° W. on the summit 
of Mt, Pocumtuc, 1,888 feet above the sea; S. 50° W. at Granville, 1,240 
feet. In Connecticut, according to Prof. Dana, there are stris proceed- 
iag S. 30° W. on Mt. Carmel, and S, 33° W. half a mile west of Ailing- 
town on the Miiford turnpike, a few miles west of New Haven. 

South-East Direction. 

The south-east course is well-nigh universal. All over Coos county 
and about the White Mountains there is scarcely any variation from it 
upon the high ground. It is the most common in the lower part of Car- 
roll, Strafford, east part of Merrimack, east part of Rockingham, and on 
the isolated mountains of the Monadnock type everywhere. In Belknap 
and the west part of Rockingham the course averages a little less east- 
erly than south-east. The Winnipiseogee Lake neighborhood is much 
the same. In all the regions showing a west of south course are many 
cases of this south-east grooving. About Madison we have noted S. 22" 
E. The Strafford hills indicate S. 35°-78° E. In the Connecticut val- 
ley numerous examples are given. We find in Lancaster, S. 23° E.; at 
Haverhill, S. 21° E.; at Newbury, Vt, S. 33° E.; at East Lisbon, S. 28° 
E.; in Bethlehem, S. 28° E.; in Piermont, S. 43° E.; in Lyme, as high as 
S. 31° E.; in Hanover, S. 58° and 51° E.; in Lebanon, S. 51° E.; in En- 
field, S. i6''-6i° E., but most commonly about S. 22° E. A full descrip- 
tion has been given already of the remarkable eastings in Claremont. 
At Unity the course S. 51° E. occurs, and S, 61° E. at Hinsdale. Along 
the Connecticut-Merrimack water-shed the direction is commonly be- 
tween S, 20° and 40° E. These south-east courses in this valley must 
not be confounded with those conforming to the direction of its contour, 
about to be mentioned. 

The universality o£ a south-east course among the stris shows that 
this was the most common direction taken by the ice in its southerly 
movement. All other directions are exceptional, and probably produced 
subsequently by an action differently directed. 

Valley Movements. 

To this class I refer all those examples of striation where the ice 
seems to have followed the topographical contour of the country, includ- 
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ing all the local glaciers. In most glaciated countries it has been found 
practicable to refer all the ice-action to this class of movement ; but in 
New Hampshire the most characteristic phenomena have resulted from 
a motion made in total disregard of all topographical obstacles or allure- 
ments. On the supposition that ice moves up hill only when forced by a 
ilow starting from an eminence higher than what is being surmounted, 
we must beiieve that, to the north of the St. Lawrence valley, the land 
was elevated several thousand feet higher than at present. This is Prof. 
Dana's view. It must be adopted, unless we can show that reasons 
exist why the ice can move up hills higher than the source of the flow. 

The most important valley movements in New Hampshire are those 
in the Connecticut, Merrimack, Biackwater, Baker's river and Winni- 
piseogee lake, the Androscoggin, Saco, and others. I will describe each 
in turn. 

Connecticut Glacier. None are better marked than this. It starts with 
the Passumpsic and the Lower Ammonoosuc valleys, and, below Haver- 
hill, occupies commonly the width of two townships, one on each side of 
the river, into Massachusetts. It continues across Massachusetts, with 
a course a iittJe west of south, as has been described in my father's pub- 
lications. On both sides the course is east of south. It follows, there- 
fore, that this movement must have been entirely independent of all 
others. As it conforms to the valley, while here and there a few rem- 
nants of the south-east course remain as relics, its existence was proba- 
bly subsequent to the other, and in the decline of the period. By observ- 
ing the present heights of the striated ledges, we can determine the min- 
imum thickness of this glacier. It covered Mt. Agassiz in Bethlehem, 
the higher parts of Lisbon and Landaff, the Gardner mountains, or over 
2,000 feet of altitude. Lower down the valley it attained the height 
of r.ioo feet at the Haverhill soapstone ledge ; 1,400 feet near Tarlton 
pond in Piermont and Warren ; i,5CX) feet upon Sunday mountain in Or- 
ford; 1,600 feet in the south-east part of Hanover; and it may have 
reached the summit of Mt. Ascutney, or over 3,000 feet. South of this 
mountain, none of the recorded observations exceed r,aoo feet, — most 
fall below it. On Bear hill, Hinsdale, they stand at 700 feet. In Mas- 
sachusetts we found one example, at New Salem, on the east rim of the 
valley, certainly as much as 1,200 feet high. Similar marks have been 
VOL. in. 28 
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found at the same height over the Holyoke range, or upon Mt. Tom. 
Allowing for the elevation of the river bed, this glacier must have ex- 
ceeded 1500 feet in thickness in the Ammonoosuc valley, and probably 
2500 feet at Windsor. From Prof. Dana's paper,* it is obvious that the 
ice continued a little west of south to New Haven, Conn., thus following 
the depression of the valley to Long Island sound. The breadth of the 
area showing strije conforming to the river's course is greater in Massa- 
chusetts and Connecticut than in New Hampshire and Vermont, as might 
be expected where the valley itself is broader. So far as can be conject- 
ured, the heights are less in the more southern states; and it is bounded 
by the east of south course on both sides as sharply as further north. 

It would be repeating observations uselessly to print again the numer- 
ous statements about the course of the strife along this valley given in 
our table. That may be consulted to understand how fully the river 
towns abound with groovings following the general course of the valley. 

Prof. Dana argues that the Connecticut valley ice moved towards the 
sea at the same time that the great ice movement was in progress south- 
easterly upon both sides, and explains it as the necessary result of a nat- 
ural law. "It moves just as thick pitch poured over a sloping surface, 
in which there are a few large groovings, would move, the mass follow- 
ing the general surface, and the portions in the grooves nearly or quite 
the course of the grooves. The thickness of the ice that followed the 
course of the valley was at least 2,000 feet." Three considerations are 
presented in favor of this view : — first, in Massachusetts and Connecticut 
only the course with the valley has been observed ; second, if the glacier 
were local, 2,000 or 3,000 feet thick, the southerly scratches ought to be 
found further west than they now are; third, there is more easting in 
the course north of Massachusetts, as if produced by some part of the 
genera! movement. I think it much better to believe the Connecticut 
Valley movement was confined exactly to the limits where its evidences 
are found, and to say that the south-east courses found here and there 
within it are the relics of an earlier and grander glaciation. In fact, 
when different parts of the same ledge, as in Hinsdale, show the courses 
S. 10° E. and S. 60° E., no amount of argument can convince one that the 
ice moved in both these directions at the same time. It is impossible. 
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The phenomena agree best with the theory that the south-east course 
originally covered both the valley and the adjacent borders for scores of 
miles, but that, after the ice ceased to be furnished abundantly from the 
St. Lawrence, the residue followed its natural way down the several river 
depressions to the sea, and, being of considerable thickness, was able to 
leave abundant evidences of its passage. 

Prof. J. D. Dana was the first to insist upon the existence of a Con- 
necticut glacier separate from the general mass of drift. My father was 
the first of American geologists to point out the fact in any publication 
of the existence of local glaciers radiating from high ridges.* He was 
led to this conclusion from a comparison of the ancient glacial drift in 
Wales and Switzerland with the drift generally, and with the local exam- 
ples seen by him in western Massachusetts and Vermont, As the 
common phenomena of the drift seemed to him best explicable upon the 
iceberg theory, his ready recognition of the real glacial markings in the 
Westfield and Deerfield River valieys shows how ready he was to accept 
truth, even against his judgment of the proper interpretation of the 
phenomena of nature. His suggestion of a movement down the Con- 
necticut valley is not to be regarded as a claim that he understood the 
whole depression to be scored like the few examples he had seen.f The 
fact established clearly by him was, that the Hoosac and Green Moun- 
tains supported the mer de glace in the last part of the ice period, from 
which local glaciers flowed down, both towards the Connecticut on the 
east, and to the Champlain valley on the west. We can now extend this 
deduction eastwardly, and say that there was a Connecticut Valley gla- 
cier in the latter part of the ice period, with branches both from the 
west and the east. 

The branch glaciers on the west that have been described are these : 
Upon Westfield river, with its tributaries, especially Little river ; Deer- 
field river, both in Massachusetts and Vermont ; West river, joining the 



'R,f. 


,W G„; 


^gy v'Ma.s. 


jcias. 


■Iti, 1853. Smitllsiinian Co 


nlriiuUoH. 


r.YOl, 1«. 








f The 


roiio»iT 


,g i. the p>., 


lageri 


iferred to (Sml/issf/aH Cn 






361- 


On examina 


tion.ldid 


find. on 


Ihc wesi 




:licutvaUey,ihatwliatIcai 


lied drift St 


ria:, instead 


of nil 


nning north. 




as they 






hetly 1 




, much, in 


some places 




i. 650 W. I 


suspected 




either rt 


,it th«e nur 


kiaes 


were produced by the [We, 


.field] eL^C 






;d the Connt 




ley, or'. 


hat the 


iUppOMd gla 




italches were the result of 


drift asenc 




.iph 


ill. Butwh. 


en 1 found 


that the 


StOHof 


the glacier 5 






f .he drift 






lh-=ast, holh 


these sup. 






ihown 10 be 




able; audi accounled for 








thedrif. St 


ris by the 


eiparsi 


™ioih 


t right of Ih< 


■-Cope 


lecticul vailey south of Soul 


h Hampio 


n. I Ihinlt ( 


ihist 


he right in., 


trpce.ation 



Hosted by 



Goosle 



216 SURFACE GEOLOGY. 

Connecticut just above Brattleborough ; Saxton's river; Black river in 
Ludlow and Cavendish ; Otta Quechee river ; White river. Those far- 
ther north have not been particularly explored. On the east side, the 
branches of this glacier are not well marked This may be explained 
partly from lack of attention directed to their discovery, but chiefly be- 
cause the east side of the basin is very narrow. There is not sufficient 
room for the glaciers to form, and to make much sign of their existence. 
In Massachusetts, Miller's and the tributaries of the Chicopee river might 
furnish some indications of the former presence of the ice. In New 
Hampshire, the Ashuelot is the first valley where we could search for 
these relics. They may be expected in Winchester, where the river 
changes its course to pass between hills, and in the towns of Surry and 
Gilsum. It will be singular if these localities do not afford striae or other 
indications of the tributary ice-sheets. We have no observations for Cold 
river; and all that has been noted in the Sugar River valley indicates 
the passage of the ice up instead of down the stream. The marks of 
the older south-east current were so pronounced that any action of a 
force in the opposite direction might be unnoticed. The Mascomy val- 
ley is rather short ; and ledges between Enfield and Hartford, Vt, are 
rare. There is a moraine-like accumulation of till about a quarter of a 
mile below the outlet of the lake, whose origin may be explained either 
by supposing it to be the frontal rubbish of a local glacier, or the filling 
up of the valley by the south-east current from Hayes hill. The exist- 
ence of the projecting hill is very marked ; and it is spoken of by the rest- 
dents of East Lebanon as a former barrier to the progress of the water, so 
that the lake must once have had a much greater extension, leaving its 
shore marks forty or fifty feet above the present level of the water in 
beaches of sand. Excavations in this barrier show both the lower and 
upper till with great distinctness. Next come Mink brook, Hanover; 
Great brook, Lyme ; Jacob's brook, Orford ; Bean's and Eastman's brooks, 
Piermont, — none of which afford marked glacial features, that is, we have 
not noted any. On the north branch of Jacob's brook, between S. H. 
Sargent's and the water, are many large blocks of Bethlehem gneiss, the 
rock which is in place a mile higher up, and not at the place of crossing. 
I did not follow down the stream to search further for these boulders. 
But the evidence is clear of the transportation of rocks down the stream 
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in a westerly direction ; and this may indicate what sort of phenomena 
should be looked for, in the other westerly descending valleys mentioned, 
to satisfy us of the existence of tributary glaciers. No pains have been 
taken to observe this class of facts. Oliverian brook in Haverhill may be 
expected to show some signs of a local glacier descending the west flank 
of Moosilauke. On page 30, considerations are presented to show that 
unusually abundant gravel and sand deposits in HaverhiJI must have 
been derived from such a source as this local glacier would be. We have 
also a barrier-like ridge of till lying across the Oliverian valley suggestive 
of a former terminal moraine. There are many boulders of Bethlehem 
and porphyritic gneiss in the Oliverian valley, seemingly of eastern origin. 
If not from the Moosilauke pile, they must have been brought down by 
the main Connecticut Valley ice. The numerous marks between Haver- 
hill and Carroll may be regarded as made by one branch of the Con- 
necticut glacier. These are very abundant, and satisfactorily illustrate 
the local movement. Those down the Passumpsic valley are less com- 
mon and convincing. 

Above the Ammonoosuc district the Connecticut Valley movement 
seems to have been interrupted in consequence of the presence of the 
Gardner Mountain barrier. The markings in this part of the valley do 
not conform to the topography, and must therefore be regarded as made 
by the older movement. The map (PI. II) illustrates the nature of the 
ground over this space. Above Lancaster there are well marked signs 
of a local glacier, probably the last movement in the region, separate 
from and later than that just described. Its existence is manifested by 
moraines and not by strise, and may he classed with the Bethlehem gla- 
cier, to be described presently in the words of the late Prof. Agassiz. 

Midway between Stratford Hollow and North Stratford is a pile of 
granite boulders so conspicuous as to arrest the attention of the most 
careless. They occupy several acres of ground, and seem to form a ter- 
minal moraine. It is represented in Fig. 53, The exact location is indi- 
cated by the word Moraine on PI. I ; and a section crossing the valley is 
shown in Fig. 2. Mr. Clough's stereoscopic view of the same is entitled 
"New Hampshire Cow Pasture." The name indicates the use to which 
the field is put, while the abundance of boulders seems to have discouraged 
the owner from attempting to make a stone wall of the material. A 
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dozen walls would so slightly exhaust the supply that none of the boul- 
ders would be missed. The largest boulder represented weighs about 
1,300 tons. On looking across the valley, similar boulders, but less abun- 
dant, can be seen on the Vermont side. I suppose they extend beneath 
the intervening meadow the whole distance, and therefore present us 




Fig- 53- MoKAiN'E IN Stratfokd. 

with an admirable example of a terminal or frontal moraine. The mate- 
rial corresponds closely with the granite quarried a few miles up the 
Nulhegan river by the side of the Grand Trunk Railroad. The ice there 
seems to have descended the Nulhegan river before joining the frozen 
stream of the Upper Connecticut. PI. I shows a projection of glacial 
drift into the valley, at Horseshoe pond, in Northumberland. This 
promontory is suggestive of other terminal moraines farther to the south. 
I do not recall their nature, so as to say definitely whether the resem- 
blance is only accidental. It might be added, that the drift hills on 
Israel's river approach each other closely, just above Lancaster village, 
in the manner of a frontal moraine. 

The Merrimack Movement. The limits of this particular ice mass 
would be naturally the east and west water-sheds, while the northern 
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boundary does not extend beyond New Hampton on tbe main stream, 
passing instead to Newfound lake. The movement north of New Hamp- 
ton belongs to another area quite distinct. It is thus like the Connecti- 
cut glaciers, divided by a barrier above Monroe. As thus limited, the 
Merrimack glacier is with difficulty separated from the general south- 
easterly movement. The country is almost fiat below Concord, so that 
there is little opportunity for a local glacier to exist for want of inclina- 
tion ; and the western sloping valleys on the east side rarely show any 
marks pointing westerly. From Winnipiseogee lake to Franklin the de- 
scent is sufficiently great to induce motion, 225 feet in fifteen miles, but 
the ledges are covered, and no topographical feature suggests glaciation. 
Any special striation or embossment in the lower part of the Suncook 
and Soucook rivers would be concealed by the immense piles of alluvium 
of later origin. The upper Souhegan valleys are better adapted to show 
these evidences; and no situation could be better than that of the upper 
Contoocook for exhibiting traces of the glacial action distinct from that 
of the general drift. Warner river valley is much like the Souhegan. 
Three of the more northern tributaries of the Merrimack show good 
evidences of the valley movement, — Smith's, Blackwater, and the Pemi- 
gewasset rivers. I will describe these first. 

Smil/is River. This stream rises at Orange summit, follows the 
Northern railroad through Grafton and Danbury, and thence turns east- 
erly between Alexandria and Hili. The course of the valley usually 
corresponds with that of the general movement, but the phenomena of 
embossment are like those of local glaciers. In the Orange summit 
notch, the course is S. 36° E., a few more degrees easterly than is com- 
mon in Canaan and the north part of Orange. It is the same at the 
north end of Tewkesbury pond, but 5° less at the outlet. The rock 
for several miles about is admirably adapted to exhibit striation and 
embossment, and the phenomena at the outlet of the pond where 
the railroad passes can hardly be excelled for perfection in any part of 
the state. Any one familiar with glacial phenomena would instantly 
recognize them while passing in a train. At the mica quarries on the 
west side of Grafton valley, the course is about the same ; also, at a 
school-house between the two Grafton stations. We should expect 
somewhat more easting at this point, as the course of the valley has 
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commenced to change. Two tributary valleys from the north. Mill and 
Whittier brooks, may show striation coursing more southerly ; but these, 
and all the rest of the Smith's brook region, have not been specially 
examined with the object of noting the glaciation. The lower part of 
Smith's river changes its course so much that if a mass of ice followed it, 
the variation in the direction of the striae would be very observable. 
Between Alexandria and Hill there has been considerable excavation 
since the ice period, so that the markings may be looked for away from 
the stream. We have good reason to expect to find evidence of local 
action ail along Smith's river, provided the ledges are not too much cov- 
ered up, 

Blackwaler Valley. The map of local glaciers in Volume i represents 
the movement of the ice as continuous from Grafton and Danbury along 
the railroad, to connect with that in Andover along the Blackwater, I 
have separated them now, because it seems more natural for the ice to 
flow down Smith's river to join the Pemigewasset, than to cross the Dan- 
bury water-shed, where the necessary rise is not far from a hundred feet. 
The course in the south part of Grafton, on the highlands, is such that 
the continental sheet points directly to Andover, or to the valley between 
Mts. Ragged and Kearsarge. It is not therefore certain that the ice go- 
ing down the Blackwater, whose marks remain, should be classed with 
the later movements. But it is certain that the course was modified by 
the valley, so that it belongs to the category of those motions whose 
course did not proceed in defiance of elevations and depressions of the 
surface. Several ledges at Potter Place and Andover show that the 
course was much more easterly than the very east directions upon Kear- 
sarge and Ragged [see page 200]. It has 20° more easting than on 
Kearsarge, and 40" more than upon Ragged. This course would natu- 
rally turn at Andover Centre, and proceed southerly through Salisbury, 
if it continues to conform to the valley, and not climb the hill at East 
Andover like the railroad. Such facts as are reported confirm this view. 
The East Andover ridge is occupied by drift, perhaps lenticular mo- 
raines ; and the strias in West Franklin run S. 32° E,, and therefore 
belong to a different movement. The top of a hill west of the Black- 
water, on the south town line, shows the course S. 38° E., and on its 
south slope are striaa running down hill towards Salisbury. And in this 
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last named town the courses are S. 12°, 15°, and 22° E., the greatest 
easting being in the valley on Bean's hill, near the south boundary line. 
The courses in Webster would not vary essentially from those in Salis- 
bury. 

The Pemigewasset below Ashland. Local glaciation probably reaches 
from the mouth of this stream at Franklin all the way to Newfound lake 
and up Cockcrmouth brook in Hebron and Groton. At the outlet oE 
Webster lake the course is S. 33" E., which may represent the normal 
direction to the west of the Pemigewasset. North of Franklin village 
the direction is S. 27° E. This continues uniform for three miles; and 
the grooves and embossment are remarkably well developed near J. W. 
Simonds's. At this point there is a conspicuous bend in the course of 
the valley ; and the strise are observed to change their direction to con- 
form with the topography. At S. Pike's, a mile beyond Simonds's, the 
striee point S. 42° E. From here to Hill the valley broadens, and the 
ledges are covered by sand. At the east side of the river, in the north- 
east edge of Franklin, the course is S. 22° E. down the valley, and the 
accompanying embossments are admirable. This locality is opposite to 
the first named examples below the prominent bend in the river. 

On the Sanbornton side of the valley, between Hill and Bristol, there 
are ledges which have their stoss sides marked from the north, and they 
probably present other illustrations of the local action. Our table con- 
tains several observations of south-east stria; down the valley of Cocker- 
mouth brook in Groton. The east side of the lake shows other strias, 
however, pointing up hill, and therefore having no connection with the 
local glacier. 

There are examples of a local sliding in New Hampton and Bridge- 
water. These are all connected with the Pemigewasset movement, and 
are mentioned in the tabular list. 

The Lower Merrimack. Several points may be made about the lower 
Merrimack movement. The general direction of the valley is S. 15° E., 
so that strias varying ten degrees from this on either side may be regarded 
as belonging to this special glacier. From Franklin to Massachusetts we 
have, in order, S. i5°-27° E.; Canterbury, i5''-4o''; Boscawen, i7°-27°; 
Concord, 9°-ii°-2i°; Hooksett, i6''-26°; Manchester, i5°-26''; London- 
derry, ii°-2i°; Souhegan village, 16°; Nashua, 11°; and in Hudson an 
VOL. in. 29 
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interesting case of intersection, S. 3° x 21° x 36'' E. On tlie east rim of 
the basin are higher figures. Belmont, 32°-42''; Gilnianton, ^2°-$2°', 
Loudon, 40°; Pittsfield, 42°; Deerfield, 40°; Northwood, 32^-37°; east 
part of Hooksett, 41°; ridge east of Manchester (quarries), 40"; Candia, 
2i°-4i°; Londonderry, 41°. It would seem as if these observations 
might be interpreted as indicating a difference between the direction of 
the forces down the valley and over the eastern rim. There are a few 
strongly marked south-east courses on the west rim, as through Wash- 
ington and Springfield, that are between 20° and 30°. Hence there is 
not that deiiniteness of demarcation between the rims and the valley 
courses that we found in the Connecticut. The three courses in Hud- 
son may perhaps be regarded as typical of as many different movements. 
The unusual direction of S. 72° E. in Deerfield, on the north side of Mt. 
Pawtuckaway, may have been due to the presence of the mountain mass. 

There is one example of striae sliding N. 40" W. on the east side of the 
valley. It is at the Amoskeag granite quarry in Manchester. Its exist- 
ence would not be known save for the removal of the earth for quarrying. 
Who knows how many more such cases may exist under these loose 
materials, sufficient to make sure the presence of the glacier in the 
Merrimack valley ! 

In the Contoocook valley we find no evidence from strife to suggest 
the northward motion of the ice. Unusual accumulations of till at Hills- 
borough Bridge and in the west edge of Henniker are suggestive of ter- 
minal moraines pushed forward by such a movement. The striae in An- 
trim follow the course of the valley, but may have gone southerly. The 
North Branch valley, in the same town, is deep and narrow, and hence 
well fitted for the passage of a glacier. We find marks indicating that 
it was crossed by the main ice-sheet without regard to the depression. 

Our final conclusion, from all the facts, must be, that the Merrimack 
movement was largely a topographical modification of the course of the 
main ice-sheet. As occasional remnants of the genuine south-east cur- 
rent occur, it may be proper to say that the modification would naturally 
take place in the interval of time between the predominance of the south- 
east current and the local glaciers. And in the latter period the Mer- 
rimack ice became still more restricted, and feebly imitated the local 
action elsewhere. 
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Baker's River and Winnipiseogee Movement. This is an interesting 
example of a movement seemingly both local and hardly separable from 
the action of the continental sheet. It starts with a south valley in Ben- 
ton, curves to the east with Baker's River valley in Rumney, extends 
nearly due east over Squam lake and Sandwich, and then enters the val- 
ley of Winnipiseogee lake, merging into the normal south-east course 
after leaving this hydrographic basin. Allusion has been already made 
to the latter part of its course (p. I3i et seq^. The movement down the 
upper Peraigewasset may be regarded as a branch of this. 

On the summit of Moosilauke the striae run S. 22° E., a course less 
easterly than is common over the high mountains of the state. This 
corresponds with the direction through Warren and Wentworth, save a 
few local tributaries in Warren mentioned in the table. The easting 
seems greater than the proper course of the valley ; but a correspond- 
ence was noted between the direction of the strias and of the depression 
when the observation was recorded. The numerous observations in 
Rumney indicate a gradual bending of the scratches in complete agree- 
ment with the change in the course of the valley. On the south side, 
the south-east course does not reach the top of the rim, as the directions 
in Groton on the ridge between Baker's river and Cockermouth brook 
are S. 22° and 33° E. The glacier was certainly 500 feet thick, and prob- 
ably not much more at this point. In the west part of Plymouth and the 
south-east corner of Rumney are remarkably fine examples of striation 
and embossment of the ledges. I hardly think a finer place could be 
found for a photographic representation of these phenomena than of the 
east base of Hawks mountain in Rumney. A spur of the hill projects 
into the valley, which was struck powerfully by the ice as it descended, 
beautifully embossing the schists and scoring the domes with strias. One 
ledge has numerous large blocks of stone on top, some measuring as much 
as 20 feet long, 10 wide, and 8 high. Further west the mural striated 
surfaces are common, as between A. Kelley's and J. Davis's houses. 
On the north side of the valiey two elevated ranges come close to the 
river, — Rattlesnake and Stinson mountains, — which are precipitous for 
two hundred feet. On these steep sides strias are often visible, though 
much of the rock containing them has fallen to the base of the hill. 
Wolf hill in Plymouth, a solitary bunch of granite in the midst of a low 
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country, has been passed over by this glacier as if it were of no con- 
sequence. 

The Pemigewasset valley turns to the south below Plymouth; but the 
strije continue on in the direction observed in Rumney, just as if the ice 
could not stop after it began to sHde. The smallest easting in Holder- 
ness is S. 37° E., on top of Mt. Prospect; the ridge of Squam mountain 
shows S. 62° E.; and there are others equally pronounced. Sandwich, 
however, shows the greatest amount of easting. At several places it 
travelled a little north of east, and the east course is frequent. The 
movement did not continue further east into Tamworth on the north 
side of the Ossipee mountains, since the marks there are quite southerly, 
though Chatham hill shows the course S. 42° E. The mass seems 
rather to have gone south-easterly to the lake through Moultonborough, 
and over Red hill, S. 62° E. On reaching Winnipiseogee lake the strias 
on the east side average a more easterly course than on the west side in 
the towns of Meredith, Gilford, and Alton. The occurrence of the Moose 
mountains directly in the path of the Winnipiseogee ice suggests whether 
the course was not changed on account of this obstacle in its way. It 
is a fact, that the course on the summit of these mountains is that of the 
longer axis of the lake, while there is a much greater easting to the north- 
east. The strias at Tuftonborough Corner run N. 68° E., as if crowded 
closely upon the fiank of the Ossipee mountains. Nearly all the obser- 
vations in Tuftonborough, Wolfeborough, Brookfield, and Wakefield run 
between south-east and east. Mr. W. Upham explains this condition of 
things, by supposing the ice of the Ossipee basin melted earlier than that 
over Winnipiseogee, and hence the ice from the latter area moved towards 
the vacancy left on the east side. If most of the ice were forced to pass 
out between Ossipee and Moose mountains, a part of it might emerge 
through Alton. The striae there have a much less easting than on the 
other side of Moose. 

Thus it would appear that the topography^ of the country between 
Warren and Wakefield, along the valley of Baker's river and Winnipi- 
seogee lake, determined somewhat the direction of the motion of the 
ice, whether it be regarded as a part of the continental sheet or a local 
movement. 

Upper Pemigewasset Movement. The observations of the strias in the 
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Upper Pemigewasset valley are grouped together in the table (p. 185). 
The valley runs southerly, and the st^i^^ mostly conform to it; at the 
very entrance, high up, we have the course S. 8° W., above the Eagle 
lakes on Mt. Lafayette. On the summit of Bakl mountain, in the Fran- 
conia Notch, the course is S. 2° E., with a large boulder of Bethlehem 
gneiss on its summit. The same force went over Mt. Profile, leaving 
many boulders of the same kind. It appears from these circumstances 
that a large body of ice entered the valley from above, which must have 
been a portion of the larger and older sheet This and the later local 
masses scored the vertical east side of Mt. Pemigewasset, with the course 
S. 12° E„ working southerly. Other examples occur through Lincoln 
and Woodstock, following the valley. Were the forests cleared upon 
both sides of the stream, many other interesting examples would be 
found. At North Woodstock, the hills upon the west side display a 
magnificent embossment on a large scale, as worthy of photographic 
reproduction as those in Rumney. There seems to he more easting in 
lower Woodstock and Thornton than is needful to conform to the valley. 
This may be explained partly by the fact of local turns in the course, 
not obvious, except on the ground. On the rim of the valley to the 
south-east is the course S. 70" E,, which may have influenced some- 
what the direction of the ice lower down, yet is sufficiently different to 
satisfy us that the marks in the valley were not produced by the same 
movement. Through Campton the scratches essentially follow the val- 
ley. A single case is reported from Mad river, high up, of a descent 
N. 33° W., or down one of its tributaries. This will be an example of 
the local movement, or possibly the result of a recent slide, described 
in Volume L Below Campton, the Pemigewasset glacier joined the ice 
movement down Baker's river, and went with that over to Lake Winni- 
piseogee. 

Androscoggin Movement. Should a glacier start from the Rangely 
lakes and follow down the whole Androscoggin river, the course would 
be to the south-west, then south, and then a turn to the east as far as 
Bethel, in Maine. We have evidence of a strong south-east current over 
Rangely lake, and in Upton on the east side of Umbagog lake, — a move- 
ment not of a local character. Down the Magalloway river, close by the 
College Grant, there was a well defined valley movement, S. 4° E., 
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towards Umbagog lake. There is a pretty lateral moraine of granite 
blocks at the uppermost landing of the steamboat in Wentworth's Loca- 
tion, resting upon Huronian schists. The rocks for several miles up the 
Magalloway are finely embossed. The numerous strias in Errol, S. 73° 
E., have no connection with the Androscoggin, and we have no further 
observations from this valley till we reach Gorham. The rocks here are 
much weathered, but have the aspect of ledges struck from above, with a 
few south-east stride. According to Vose, the strias upon the top of Mt. 
Hayes, directly opposite the opening of the Peabody valley, run S. 40° E., 
or nearly at right angles to the direction up the river towards the Glen 
house. The Androscoggin valley, with its low, broad terraces, is very 
different from the high sand-banks near the mouth of its Peabody tribu- 
tary, suggesting the origin of the former under very unlike circumstances. 
The utter absence of all material transported down the Peabody at Gor- 
ham would indicate its removal by the powerful current of the Andros- 
coggin, for certainly such deposits could not fail to have been brought, 
and seemingly at a later date than the existence of the Androscoggin 
glacial river. These facts suggest either extensive freshets in post-gla- 
cial times, or the longer continuance of the Androscoggin glacier. The 
valley below Gorham village, for two miles or more, consists chiefly of 
rubbish from the sides, moved by the rains and frost, not in the terrace 
form. No particular signs of glacial action are seen before reaching the 
middle part of Shelburne, near the most northerly course of the river. 
Here, at the height of 150 feet above the railroad, upon a projecting 
ridge, are grooves pointing down the valley, S. 88°, N. 88° E. The east 
side is a rough cliff, never touched by ice action. At the extreme north 
point of the hili, the course is S. 63° E. On this lee side of the dome 
are many rough granite blocks, each from five to twenty feet in length. 
They have been transported only a short distance, and are properly a 
moraine caught behind the projecting ledge. These markings are those 
of a well defined local glacier. 

On reaching Clement's brook are other fine embossments, with stri?e 
S. 73° E. The former have been described upon page 195. Local mo- 
raines appear upon the projecting side of these ledges. Similar emboss- 
ments occur on the north side of the river, opposite Clement's brook. 
About a mile below Clement's brook, opposite the first house with a con- 
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spicuous tower, is a rough ledge, protecting moraine material. A simi- 
lar ledge further east has the west side rounded by ice. Near the state 
line is an outcrop of white gneiss, scored S. 58° E,, and an enormous 
quantity of boulders, torn off the light colored ledges, follow for a short 
distance. These several examples of blocks torn from the ledges, but 
not carried far, illustrate the beginnings of glacial transportation. 

For about half a mile into Maine, in the town of Gilead, glacial marks 
are wanting. In the middle of the valley is a long rocky hill athwart its 
course, behind which moraine material is gathered. At the north foot of 
Mt. Ephraim are stris S. 65° E., where the road and railroad draw close 
together. 

Grooving is well shown here. Above Mt. Ephraim the rounding looks 
as if it had been produced by a mass of ice coming down Ingalls river 
from the north. On the east side of Wild river the rocks have been well 
planed and embossed by the force down the Androscoggin. No explo- 
rations have been made up this tributary to ascertain whether ice-marks 
from the south-west may not exist there. At Gilead station, just north 
of the railroad and ten miles from Bethel, are furrows upon polished 
quartz running S. 40" E. A mile further east, where the road bends 
around a mountain spur, are strise S. 80° E. On the west side of Peaked 
hill, where the high land crowds closely upon the river, about 300 feet 
above the water, is a large, steeply inclined, magnificently polished sur- 
face, very plainly seen from the road below, a mile and a half distant, 
with faint lines and we!! defined furrows, S. SS^-^o" E. The emboss- 
ment and planishment show even better from the north side of the river. 
On this north side, by the bridge at Gilead station and at the mouth of 
Peabody brook, are grooves following the course of the valley, and also 
large rough blocks removed only a short distance. At a church, the 
markings occur almost at the water's edge, with the direction S. 75° E. 
On the precipitous south side of Tumble-down Dick are many examples 
of strias on vertical surfaces; but the greatest force of the ice struck the 
ledges on the south side. At the base of the precipice, where floor sur- 
faces are exposed, are grooved areas 1 50 feet long, thoroughly planed down 
the whole distance. It would be difficult to find more beautiful examples 
of ice-sculpture in New Hampshire. The striic run S. 85° E. Near 
White brook are other strise and bosses, with rough south-east lee sides. 
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At the east line of Gilead, on the north side, the striae run S. 60" E. No 
further marks were seen on the north side of the river from this point to 
Bethel hill. Ledges arc scarce, and covered by drift. 

The observations mentioned above, between Peaked hill and Gilead, 
on the south side of the river, are taken from Prof. Vose's account of 
this interesting glacier* I will quote his own words for the facts be- 
tween Peaked hill and Bethel. His course was up the valley from Bethel. 

Where glacial furrows are found upon the tops of the Bethel hills, they run nearly 
north and south. Proceeding up the valley towards Corham upon the south bank, at 
a point about two and a half miles above Bethel, before we really enter the dose valley, 
and perhaps one hundred feet above the river, a small exposure of rock is seen directly 
in the common road, being about six feet square, with a long, gently sloping polished 
surface towards the north, and a steep and rough face towards the south. The furrows 
upon the smooth northern surface run north and south ; and the hills, upon the sum- 
mits of which the furrows run north and south, lie exactly north of this rock upon the 
opposite side of the river. This furrowing had evidently no connection with the An- 
droscoggin, as the grooves point almost direclly across it. Continuing up the valley 
just above Pleasant river, five miles above Bethel, about a quarter of a mile south of 
the road and perhaps two hundred feel above ihe river, the rocks are well polished ; 
and, from faint lines upon masses of quartz, the direction of the ice is seen to have 
been S. 50° E. Six miles above Bethel, where the river, railway, and road draw closely 
together and sweep around the base of Peaked hill, there is a steep ledge, about twenty 
feet high, close to the track, which is polished and furrowed, both upon the nearly ver- 
tical face towards the river, and also upon a narrow horizontal shelf part way up on the 
ledge. The lines upon the horizontal shelf run S. 20° E., the vertical face standing S. 
25''-30° E. It is necessary, however, to be guarded in drawing conclusions from gla- 
cial traces left upon vertical or steeply inclined surfaces, as Che movement of ice, jam- 
ming through a narrow passage, may be locally disturbed, so as to give a direction to 
the furrows quite different from that of the general movement of the glacier. This was 
most likely the case at the point referred to, as the furrows on the opposite side of 
the hili — ;'. i., the south side — ran S. 80° E., thus according much more nearly wifh 
the traces, both above and below this point, than the furrows upon the steep face tow- 
ards the river do. The ice would seem to have passed around both sides of this hill ; 
and we can readily conceive that this might be, since the depression in the rear, south 
of the elevation, is quite low. Indeed, in the fine view from Sunset Rock in Bethel, 
Peaked hill seems to rise in a very isolated manner from the middle of the valley, which 
makes it a very prominent feature in that magnificent picture. 
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There are no indications of the passage of this glacier below Bethel, 
so far as I had time to search for them. I did not follow down the An- 
droscoggin on the south side, and the north side only to Bear river, 
though I crossed it at Rumford Point. I found evidences of local action 
down Bear river, in Grafton and Newry, and upon Ellis river in Andover 
and Rumford, as well marked as those along the Blackwater in Andover, 
N. H. On the east town line of Bethel, the striae run S. 4° E,, and S. 24° 
E. On Paradise hill, south of the village, the course is S. 21° E. These ail 
correspond to the common course of the drift in this part of the state. 

Saco Valley. A few points of interest manifest themselves through 
the valley of the White Mountain Notch, which may be regarded as a 
local movement. The mountain east, Webster, shows the course S. 
30° -3;" E. On the west, Tom, S. 57° E., Field, S. 50° E., Willey, S. 
42° E., corresponding well with the usual south-east course on the high- 
est summits. Mt. Willard, which is really the head of the valley, shows 
distinct striae, more abundant on the slate towards Field, running S. 23° 
E. In the very Notch, by the railroad, the course is S. 20° E. Under 
the Butterwort fiume, close by the railroad, at a small house, are glacial 
lines on a mural surface running with the valley; and on the south side 
of Mt, Willard the course S. 15° E. was measured. On the railroad, by 
the Willey brook, the strise may be seen from the train on both sides, 
and is thought to be southerly, as it certainly occurs parallel to the valley. 
Other markings down the valley directed more easterly, occur upon the 
north side of Frankenstein cliff. Below Bemis a mural surface shows 
similar scratches over a limited area. No other markings have been 
seen. Mt. Washington river shows an immense cliff of rudely stratified 
material near its mouth, comparable with the similar deposit on Peabody 
river produced by the melting of a local glacier. The immense amount 
of boulders and coarse moraine material just below Sawyer's Rock sug- 
gests detritus brought down by a local glacier. The tributary Duck 
Pond stream, west of Bemis, shows strise upon a mural surface, pointing 
S. 18° E., which may have been connected with the Saco glacier. The 
nature of the rocks, readily disintegrating, and their obscurement by 
debris and forests, render it difficult to accumulate many facts about drift 
phenomena in it ; but enough has been seen to indicate the probability 
of the existence in it of an ancient local glacier. 
VOL. HI, 30 
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The Latest Glaciers. 



Having now described the various phases of glacial motion in the state, 
referring all our observations of direction to their various classes, it may 
be proper to introduce a related topic, upon which much might be offered. 
I will content myself with the briefest mention possible. 

The examination of various isolated hills in the south part of the state 
indicates that, as the closing up of glacial action, there has probably been 
a sliding on all sides from the summit, not sufficient to score ledges, but 
enough to push boulders to the base. It is common to find a dome- 
shaped hill, of not necessarily large dimensions, nearly encircled by a 
ring of boulders. The explanation of their presence, as suggested by a 
friend, is, that the ice moved from the summit down the various sides pre- 
cisely Hke the radiation of local glaciers from lofty mountain ranges. 
The materials transported are what have once been acted upon by the 
ordinary glacial agency. Attention has not been called to this rearrange- 
. ment by other authors, as there is nothing striking about it to suggest 
anything different from accumulations brought in the ordinary way. 
This action is akin to that of the local glacier, and where the hills are 
large would be classed with them. 

I had commenced a careful study of this class of hills, when the singu- 
larity of the presence and arrangement of the lenticular moraines began 
to be developed, and led me to devote what time remained to that more 
important subject. I have therefore no well digested facts to present 
upon the later phenomena. I will only point out a few examples of them. 
To properly set forth this subject would require a thorough topographi- 
cal survey, wherein elevations of ten feet would be indicated, as well as 
the character of the surface in all its variations of ledge, peat, meadow, 
forest, cleared and cultivated fields, rocky pastures, etc. 

After beginning to look at our hills in the light of this suggestion, I 
have been surprised to discover how frequent the examples are. Such as 
can be readily recalled will be enumerated. One particular must first be 
speciiied, wherein these phenomena are scarcely distinguishable from 
others of equal importance. They are like lateral moraines. In fact, it 
is conceivable that the rubbish sliding down the side of a valley may fall 
upon the edge of a moving glacier, and be pushed along afterwards so as 
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to constitute a true moraine. The observer will call a particular example 
a lateral moraine, or one derived by the later sliding, according to his 
prepossession. For example: in Moultonborough, between Long and 
Round ponds, is a long drift ridge in the middle of the valley parallel 
with Red hill. This may be called the local frontal moraine, sliding 
from the whole western slope of Red hill, or else a lateral moraine of 
ice from the north pushing towards Lake Winnipiseogee. I think this 
example, as it lies fairly in the middle of the valley, is properly a case of 
sliding from Red hiU; but Prof. Agassiz refers to this, or one like it, in 
a paper cited a few pages ahead, as a lateral moraine. At the south- 
west end of Red hill, this same moraine changes its direction, conform- 
ing to the slope of the hill. Other illustrations are in the Wildcat valley 
of Jackson, which seem to be the lateral moraines of the ice filling the 
whole valley. 

Near the town lines of Moultonborough and Tuftonborough, next Ossipee mountain, 
are several ridges, mostly gravelly, that seem to have been turned up by ice sliding down 
the elevation. By Mrs. Brian's they are large and conspicuous, with a south-east course. 
Further south, they begin to trend a little more southerly than is required for perfect 
parallelism with the mountain, and often are a mile long. Near G. Hartford's in Moul- 
tonborough is a small ridge of drift parallel with the mountain. In the south-east corner 
of Sandwich are quite extensive ridges of till parallel with the Ossipee mountains, and 
having a course about north-east and south-west. On the east aide of the same moun- 
tains, from Moultonville nearly to West Ossipee station, is a nearly continuous fringe 
of large, angular blocks of porphyritic granite, such as occurs at the east part of the 
elevation, underlying the granitic breccias. These probably underlie the broad sand 
plain of the Bear Camp river. Green mountain in Effingham is an isolated elevation ; 
and 1 thought at first these granitic blocks at the base of Ossipee came from it, having 
been transported northerly. Rock of similar character occurs on Green mountain, but 
it does not seem to have been carried so far to the north. There are many large blocks 
of granite close by Ossipee pond, at the cross-roads about three miles north-west from 
Green mountain, which probably came from the Ossipee mountains, moving east or 
south-east. The largest one seen is 21 feet long, from 7 to 14 high, and 16 wide. 
Green mountain has a great thickness of hard, compressed till upon its northern flank, 
extending more than half-way up. At its base are some small ridges turned up parallel 
to the mountain, with the steep slope against the mountain, as would naturally be the 
case if their origin were what is here indicated. The till has usually a smooth surface, 
the loose blocks having been removed from it by the sliding. Some of the striated 
blocks, as at James S. Smith's, have been deposited in stratified sand. A boulder of 
Ossipee granite over the sand near here is 12 feet in diameter. The thick deposit of 
till is wanting on the south side. 
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Between Greenfield and Bennington ate rows of boulders on the south-west side of 
3 large lenticular hill. 

Crotched mountain in Francestown and Bennington may be taken as a good example 
to illustrate the presence or absence of this class of deposits. An attempt to make 3 
thorough examination of this elevation was frustrated ; but evidences of the moraines 
were seen on the south-west side, consisting of many large, rough blocks and ridges 
on the north-east side of Whittemore pond. Similar blocks occur on the road nearest 
the mountain on lis south side. The north-east slope of this elevation is smoothed, as 
if there had been a sliding over the till ; but I have not seen the nature of the ground 
at the very base. As it appears uncultivated when seen from a distance, it is probable 
that so much rubbish has been pushed into it from Crotched as to make the land diffi- 
cult of tillage. 

The north side of the New Durham and Brookfield Moose mountain is thickly strown 
with large boulders of granite and schist, obscuring the ledges. 

Various evidences of local sliding appear in the city of Manchester, One is at the 
corner above Brook street. Three layers appear in an excavation, the two lowest ap- 
parently resembling the upper and lower till. The uppermost — of a lighter color — may 
have slid down the hill about the time of the termination of ice action. It is a material 
that runs like porridge when wet. Other similar cases have been removed in grading 
for new streets. The north-west side of Company hill for over a mile shows many mo- 
raine-like windrows parallel with the ridge. These contain more or less boulders, and 
are properly referable to this latest action. Perhaps these moraines should have some 
connection with the north-west course across the rock near the Amoskeag granite 
quarry. On the south-east side of this hill, back of the granite quarries, as we pass 
the pest-house on Bridge street, is another local moraine. Bald hill, near the east line 
of the city limits, furnishes otlier illustrations, there being two north and south Unes of 
moraines upon its east side. On the south slope of this hill are numerous blocks of 
granitic gneiss, situated in a north and south course, reaching nearly to the railroad. 
One of them is 20 feet square. These seem to have been derived from Bald hill. Other 
lines of moraines occur at the south-east base of the Reservoir hill, where the frag- 
ments are angular. 

In Grafton are high hills extending from Prescott's easterly along the Springfield line. 
A brook flows easterly along their base, turning at an acute angle by a small pond, and 
entering Smith's river at Grafton station. Within this acute angle are piles of drift 
parallel with the easterly hills south. These may be the rubbish sliding down from the 
south across the brook. 

In Chester, two hills near each other seem to have crowded this loose detritus into 
the valley between. First is the gneiss hill in the north part of the town ; and we find 
a line of blocks on its south-east side from Wm. S. True's round to near North pond, a 
distance of two or three miles. There may have been additions to the moraines from 
the smooth hill south, upon which Chester village is situated. 

In Deerfield, the direct road from Candia to the Centre across a long ridge in the 
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south part of Deerfield descends to a large branch of the Lamprey river, and then rises 
much towards the Centre. On both sides of this stream are lines of moraines parallel 
with the brook, and also with the valley. These are excellent illustrations of this class 
of moraines. How far these moraines would extend along the valley, can be known 
only by further search. Our traverse is simply one section across them. Other exam- 
ples occur in crossing the parallel tributary one mile south from the Centre. 

The hill north of Pawtuckaway pond in Nottingham, on the road nearest to and 
around the mountain, shows lines of moraines parallel to the hill south-west from 
Quincy pond. Some of the blocks are 12 or 15 feet in length. 

In the north part of Fremont is a round hill less than 200 feet above the plain, around 
which are local moraines, especially upon the north-west side. There is a large field 
of big blocks near the Baptist church on the east side. The east and west road in the 
north parts of Fremont and Brentwood lies over numerous diift lidges and moraines 
essentially parallel with the stream and the higher land to the south. These may not 
be local. 

Jn Kensington, the lenticular hills in the north-west part of the town show good 
illustrations of the local moraines in the form of many rough blocks and small mounds 
on the north-east side near M. Hobbs's. Some of the blocks are 20 feet long. This 
example is of a large moraine deposit by the oldest drift, serving for the centre of 
dispersion of blocks at the close of glacial work. 

South of the railroad at Raymond for two miles, chiefly east from the village, are 
many moraines of a!I siies, referred to local action, in case the high land to the north 
is regarded as the locality from which they have come. They are as conspicuous as 
most moraines left by the older drift. 

The foregoing are sufSciently numerous to call attention to the subject 
of these late movements of earth analogous to glaciers. In this same 
connection, I desire to describe certain other glacial phenomena of more 
consequence, but which usually do not prove themselves by any striae or 
embossment. They are better examples of ice action than what has just 
been described, but like them, move down valleys and hillsides, smooth- 
ing the ancient hill, and pushing along boulders. It is the action of gla- 
ciers upon material that had already been moved by the continental ice, 
and which belong to a later period still than the valley movements and 
local glaciers. All these glacial movements are described here before 
speaking of the boulders and moraines, so that the subject of glaciers 
may be treated as a unity. This class of facts was first brought out by 
the late Prof. L. Agassiz, who spent much time in their study about 
Bethlehem. I had the pleasure of seeing the phenomena he describes, 
under his guidance, and can testify to the fidelity of his statements. He 
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communicated to me many other speculations concerning the existence 
of glaciers in the neighborhood, some that I could not indorse; but it is 
very gratifying to see that he published only what would stand the test 
of the most rigid scrutiny. It is to be regretted that he was unable to 
make other further publications, as intimated in the following paper. I 
subsequently searched the mountains, and other parts of the state, for 
facts confirmatory of Agassiz's views, both as to the special case de- 
scribed and to the further development of similar classes of facts in other 
localities. These facts I will present after reproducing the original paper 
referred to. I find evidence of a local glaciation in the White Moun- 
tains, not in the style of sculpture and moraine advocated by Packard 
and Vose, but in the peculiar form of evidence first suggested by Agassiz. 
It required a genius like his to point out the proper method of investi- 
gation. 

Twenty-three years ago, when I first visited the White Mountains, in the summer of 
1847, 1 noticed unmistalcable evidences of (he former existence of local glaciers. Tliey 
were the more clear and impressive lo me because I was (hen fresh from my investiga- 
tions of the glaciers in Switzerland. And yet, beyond Ihe mere statement of the fact 
that such glaciers once existed here, I have never published a detailed account of my 
observations, for the simple reason that I could not (hen find any limit or any definite 
relation between the northern drift and the phenomena indicative of local White 
Mountain glaciers; nor have I ever been able since to revisit the region for more care- 
ful examination. This year, a prolonged stay among these hills has enabled me to 
study this difiicult problem more closely, and I am now prepared to show that the drift, 
so-called, has the same general characteristics on the northern and southern sides of 
the White Mountains. Whatever, therefore, may have been the number of its higher 
peaks which, at any given time during the glacial period, rose above the great ice 
sheet which then covered the country, this mountain range offered no obstacle to the 
southward movement and progress of the northern ice fields. To the north of the 
White Mountains, as well as to the south, the northern drift consists of a paste more or 
less clayey or sandy, containing abraded fragments of a great variety of rocks, so im- 
pacted into the minutely comminuted materials as to indicate neither stratification nor 
arrangement or sorting, determined by the form, size, or weight of these fragments. 
Large boidders and pebbles of all sizes are found in it throughout its thickness, and 
these coarser materials have evidently been ground together with the clay and sand 
under great pressure, beneath heavy masses of ice, for they have all the characteristic 
marks so unmistakable now to those who are familiar with glacial action,— scratches, 
grooves, furrows, etc. These marks are rectilinear, but they cross each other at vari- 
ous angles, thus showing by the change in their direction that the fragments on which 
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they occur, though held for a time in one and the same posilion while these straight 
lines were engraved upon their surface, nevertheless changed tliat position more or less 
frequently. A few flatter fragments with more angular outlines show only one kind of 
scratches, having evidently been held for a longer time in the same position. This 
drift, however it may vary in its mineralogical components in different iocaiities, ex- 
hibits everywhere the same characteristic treatment over the whole country, from the 
shores of the Atlanfic lo the Rocky Mountains, and beyond. In tiie White Mountain 
region it has the same mineralogical character north and south of the range, and rests 
everywhere upon the well known roches moutonnees, — in. one word, upon the planed, 
grooved, polished, and scratched surfaces of the rocks underlying it. 

Observation has taught us that materials such as those described above, so com- 
bined, exhibiting the same characters in their surfaces, and having the same diversity 
of composition and absence of ail sorting or regular arrangement, occur now at the 
bottom of the great glaciers of our time, and nowhere else, being found between the 
ice and the rocks over which it moves,— the result, in fact, of the grinding action of ad- 
vancing glaciers. On account of their unvarying position, I have called these deposits 
" ground moraines," because they are always resting upon the rocky floor of the coun- 
try, between it and the under surface of the ice. Our typical unaltered so-called 
northern drift is synonymous with the ground moraines of the present day. differing 
only in its greater extension. It is in fact a ground moraine spreading over the great- 
est part of the continent. All its characteristics, identical in every detail with those of 
the deposits underlying the present glaciers, show that it can only have been formed 
under a moving body of Ice, held between it and the underlying mass of rock. The 
great ice sheet of the glacial period which fashioned the drift must therefore have been 
coextensive with the distribution of the latter. It is very important to distinguish this 
drift from the moraines formed under other circumstances, and from the so-called 
erratics and perclied blocks. Moraines, as commonly understood, that is, lateral and 
frontal moraines, consisting of loose materials collected along the sides and at (he 
terminus of a glacier, always indicate, and, where undisturbed, actually define the mar- 
gins of a moving mass of ice ; whereas, the so-called median moraines formed along the 
line of junction of the glaciers d b k of the ice, 

and always consist of angular m d m ch are de- 

termined by their mode of accu J m £ he present 

day we discriminate between g m d m t 

so must we also distinguish be m m p 

period had also its ground mora 
its erratics and perched boulde B g d earlier ice 

time stretched continuously, Ik d d, over the 

whole country, from the arcti S dm ntic to the 

Rocky Mountains. I do not k , because 1 

have not examined it personall T d were scat- 

tered irregularly over the country, as the few large boulders are scattered on the upper 
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surfaceof a glacier now. It is the contact of the more limited phenomena of the local 
glaciers which succeeded this all-embracing winter (their lateral, frontal, median, and 
limited ground moraines and their erratics), with the more wide-spread and general 
features of the drift that I have been able to trace in the White Mountains this summer. 
The limits of this paper will not allow me to do more than record the general facts, but 
I hope to give thent hereafter more in detail, and with fuller illustrations. The most 
difficult part of the investigation is the tracing of the erratics to their origin ; it is far 
more intricate than the id en till cation of the origin of ordinary drift, or of continuous 
moraines, because the solution of the problem can only be reached under favorable 
circumstances, where boulders of the same kind of rock can be followed from distance 
to distance, to the ledge m situ from which they were detached. Now, in the neigh- 
borhood of the White Mountains, we find, beside the typical or northern drift, large 
erratic boulders, as well as lateral, frontal, and median moraines. A careful examina- 
tion of these shows beyond a doubt that they came from the White Mountains, and 
not from the northern regions, since ihey overlie the typical drift which they have only 
here and there removed and modified. A short description of the facts will leave no 
doubt upon this point. 

The finest lateral moraines in these regions may be seen along the hillsides flanking 
the bed of the south branch of the Ammonoosuc, north of the village of Franconia. 
The best median moraines are to the east of Picket hill* and Round hill. These lat- 
ter moraines were formed by the confluence of the glaciers which occupied the depres- 
sion between Haystack and Mt. Lafayette, and that which descended from the northern 
face of Lafayette itself. These longitudinal moraines are particularly interesting as 
connecting the erratic boulders on the north side of the Franconia range with that 
mountain mass, and showing that they are not northern boulders transported south- 
ward, but boulders from a southern range transported northward. But by far the most 
significant facts showing the great extent of the local glaciers of the White Mountain 
range, as well as the most accessible and easily recognized, even by travellers not very 
familiar with glacial phenomena, are the terminal moraines to the north of Bethlehem 
village, between it and the northern bend of the Ammonoosuc river. The lane start- 
ing from Bethlehem street, following the cemetery for a short distance, and hence 
trending northward, cuts sixteen terminal moraines in a tract of about two miles. 
Some of these moraines are as distinct as any I know in Switzerland. They show un- 
mistakably by their form that they were produced by the pressure of a glacier moving 
from south, northward. This is indicated by their abrupt southward slope, facing, 
that is, toward the Franconia range, while their northern face has a much gentler de- 
scent. The steeper slope of a moraine is always resting against the glacier, while the 
outer side is comparatively little inclined. The form of these moraines, therefore, as 
well as their position, shows that they have come down the Franconia mountains. A 
few details concerning their location may not be out of place, in order that any visitor 
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interested in the facts may readily find Ihem without a guide. The ground to the north 
of Bethlehem slopes gently northward, and is not wooded for about half a mile frorn 
the street. Following the lane above mentioned, the first moraine reached skirts the 
edge of the wood, and is near the houses of Mr. Phillips ; there are four others more 
or less distinct before reaching a little trout brook called " Barrett's brook." The lane 
descends more rapidly towards the brook than before, and where the descent begins to 
be steep the eye commands the space between the brook and a higher ground on which 
stands a house owned by Henry McCulloch. Over that interval six very fine moraines 
may be counted, one of which is perhaps the finest specimen of a terminal moraine I 
have ever seen. Beyond McCulloch's there are five more, not quite as distinct. The 
ground beyond the termination of the glacier of the Rhone in Switierland is celebrated 
for its many distinct concentric terminal moraines ; but here we have a field over which, 
within the same area, a larger number of such moraines may be seen, and I believe 
that a pilgrimage to this spot would convert many a skeptic to the true faith concern- 
ing the transportation of erratic boulders, especially if he has seen the glader of the 
Rhone, and can compare the phenomena of the two localities. 

The Littleton road from Bethlehem, and the roads to Franconia Notch froni both 
these towns, frequently intersect terminal moraines. Those familiar with the topog- 
raphy of the Franconia range, and its relation to Picket hill and the slope of Bethle- 
hem, will at once perceive that the glacier which deposited the front moraine to the 
north of Bethlehem village must have filled the valley of Franconia to and above the 
level of the saddle of Picket hill, making it at least fifteen hundred feet thick, if not 
more; thicker, in short, than any of the present glaciers of Switzerland. It will be 
observed, also, that as soon as the northern portion of that glacier had retreaJed to the 
wall which encircles the Franconia valley on the north, the glacier occupying hence- 
forth a more protected valley within the ranges must have made a halt, and accumu- 
lated at this point, that is, south and west of the saddle of Picket hill, a very large 
terminal moraine. This moraine actually exists to the present day, and is one of the 
most characteristic features of the distribution of erratics in these regions. From the 
moment the glacier ^^■as reduced to the level of Franconia bottom, it must suddenly have 
vanislied entirely from the whole valley ; and thus it happens that no other large termi- 
nal moraines are seen between that just mentioned and the higher range of Franconia. 

Moraines similar io those observed on the northern side of the White Mountains 
exist aiso on their southern side in the vicinity of Center Harbor. Lateral moraines 
may be traced at the foot of Red hill, a little above Long pond ; also, along Squam 
lake. Median moraines are very distinct near Center Harbor hotel. Terminal mo- 
raines are also numerous near Center Harbor, and in the neighborhood of Meredith. 
At the southern end of Red hill the lateral moraines trend westward, and show their 
connection with the terminal moraines. These facts, taken in their relation with those 
enumerated above, show that there were local glaciefs on the southern as well as the 
northern slopes of the White Mountain ranges, moving in opposite directions, — those 
on the northern slope moving northward, and those on the southern slope rtioving 
VOL. III. 31 
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southward. I have seen no evidence thus far of these northern glaciers extending be- 
yond the range of hills which separates the Ammonoosuc river from the Connecticut 
river valley west of Lancaster, nor have I traced the southern glaciers bcjond Lake 
Winni pise ogee. Traces of an eastern glacier moving westward may be seen near the 
Twin Mountain house ; but I have not examined that region with sufficient care to give 
minute particulars. 

All these moraines and traces of local glaciers overlie the typical or northern drift, 
so-called, wherever ihe latter has not been swept away by the local glaciers themselves ; 
thus showing that the great ice sheet was anterior to the local glaciers, and not formed 
by a spreading of preexisting glaciers. At least, wherever I have recognized traces of 
circumscribed glaciers in regions where they no longer exist, it lias always appeared to 
me that the minor areas covered by ice were remnants of a waning sheet of greater ex- 
tent. If the glacial period set in by the enlargement of limited glaciers already formed 
and gradually spreading more and more widely, as Lyell and the geologists of his 
school suppose, the facts which would justify such a view are stiil to be made known. 
I have not seen a trace of them anywhere. On the contrary, throughout the ranges of 
the Alps, in the Black Forest, the Vosges, as well as in the British islands, in Scot- 
land, Wales, and Ireland, I have everywhere satislied myself that the more extensive 
the glaciated areas indicated by polished surfaces and moraines, in any given locality, 
the older they are when compared with glacial phenomena circumscribed within nar- 

It therefore follows from the facts enumerated above, as well as from a general con- 
sideration of the subject, that the local glaciers of the White Mountains are of more 
recent dale than the great ice sheet which fashioned the typical drift. On another 
occasion, I hope to show that the action of Ihe local glaciers of the White Mountains 
began to be circumscribed within the areas they covered, after the typical drift had, in 
consequence of the melting of the northern ice sheet, been laid bare in the Middle 
states, in Massachusetts and Connecticut, after even the southern portions of Vermont, 
New Hampshire, and Maine had been freed, and when the White Mountains, the Adi- 
rondacks, and the Katalidin range were the only ice clad peaks in this part of the con- 
When in their turn the glaciers of the White Mountain region began to melt away, 
the freshets occasioned by the sudden large accumulation of water remodelled many of 
these moraines, and carried off the minute materials they contained to deposit them 
lower down in the shape of river terraces. I have recently satistied myself, by a care- 
ful examination, that all the river terraces of the Connecticut river valley and its tribu- 
taries, as weli as those of the Merrimack and its tributaries, are deposits formed by the 
floods descending from the melting glaciers. What President Hitchcock has described 
as sea-beaches and ocean bottoms near the White Mountain and Franconia Notches, 
as well as in the Connecticut river valley and along Ihe Merrimack, have all the same 
origin. The ocean never was in contact with these deposits, which nowhere contain 
any trace of marine organic remains. — American Naturalist, vol. iv, p. 550. 
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Local Glaciers in the White Mountains. 

I will now present whatever additional facts may be known respecting 
the existence of former glaciers radiating from the White Mountain high- 
lands. We have seen that my father and Prof, Agassiz agreed as to the 
nature of the glacial markings upon the mountains, — that they belonged 
to the older and continental sheet, a south-east movement proceeding up 
hill whenever obstacles made it necessary. The markings described by 
Packard and Vose, claimed to have been the result of local glaciation in 
the Peabody valley, have been shown to belong to the older movement. 
The others mentioned by Packard in Jackson are properly local, and will 
be described presently. 

In order to prove that glaciers have radiated in al! directions from the 
White Mountains, it is necessary to find evidences of northerly or north- 
west motion. Evidences of valley movements towards the south-east can 
easily be referred to the general south-east movement, modified slightly 
by the topography. If nothing else could be found, the doctrine of the 
existence of local glaciers would depend upon unreliable evidence. The 
researches of Agassiz about Bethlehem were the first in this direction in 
New Hampshire. He found evidence of a movement opposite to that of 
the general drift. Hence this must have been different from the com- 
mon drift, and, taken in connection with the other features described, it 
was found to have been local, and existed in the decline of the ice period 
after the continental sheet had mostly disappeared. The action was 
rarely sufficiently energetic to score the ledges. Agassiz does not rely 
upon that class of evidence in maintaining his position. The ice of this 
Franconia-Bethlehem movement has passed over ledges, but has not 
smoothed or striated them. The boulders which went southerly in obe- 
dience to the south-east movement were simply pushed back towards 
their source ; and we find very few cases of their protrusion beyond their 
starting-point. I will first add whatever observations I can in elucidation 
of this specific example, and then describe the other observed facts seen 
nearer the mountains. 

The starting-point of this glacier was in the prominent valley back o£ 
Eagle Cliff, on the north-west flank of Mt, Lafayette, This was visited 
by my father in iSji, and a sketch of the phenomena seen described 
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soon afterwards* It appears that in 1850 a powerful rain soaked the 
debris in this vailey so that it slid a considerable distance downwards, 
and left deposits analogous to moraines, but did not materially engrave 
the ledges. 

At the head of the slide we saw a mass of naked gneiss rock many rods wide, mostly 
denuded of soil, and much of it also of several layers of the rock, which had slid down- 
wards, a.nd were strown along tlie sides of the ravine for at least two miles. This naked 
surface, at its upper part, had a slope of about 38°. Lower down, however, it was 
much less, for the most part, and at its termination the descent was slight. * ■* • 
It was just such an example as I had long wished to find. An enormous mass of detri- 
tus, probably from (en to twenty feet thick, and in some places two or three rods wide, 
composed of irregular fragments of all sizes, from twenty feet in diameter down to 
sand, had been driven forward over a rocky surface two miles long. What, now, was 
the effect upon the rockj floor.? Did it score and striate the floor, as was done by the 
drift agency, as some suppose would be done by the crowding forward of detritus by 
the power of water? I found it was not so. The rock in place was smoothed but not 
striated, except in a few places, perhaps in the slightest manner. The fundamental 
rock passed over is gneiss, but it is traversed occasionally by veins of granite, and 
towards the upper part by dykes of trap several rods wide. They are such rocks as in 
various places retain distinct markings of the drift action. The beds of detritus pro- 
duced along this slide are so closely like those of glacial origin that we may call them 
moraines. They are larger and more distinct than 1 have seen on any other slide. All 
along the borders of the ravine are ridges of blocks, gravel, and sand, sometimes 
twenty feet high, lying in as much confusion as is possible, and making it difficult and 
even dangerous to go into or out of h h d ibling ridges. 

At the lower end of the slide is a larg m b h h iver has been 

forced to seek a new channel. This m al d ble ; that is, an 

old moraine lies in advance of that p d d b d 8 h blocks of the 

two being easily distinguished by th m ncient erosion. 

In sliort. the appearances along this qUU are almost preciselj what the) would be if a 
glacier in one of the valleys of the Alps should melt away. And when examining it, I 
had no doubt that the slide was produced by the advance of a mass of ice ; yet I no- 
ticed that, in some places, the lateral moraine was driven in among the trees without 
affecting them. In some places near the bed of the slide I noticed the stumps of trees, 
perhaps six inches in diameter, that had been broken off" by the descending mass. 

This valley was regarded by Agassiz as the source of that glacier. In 
confirmation of it, boulders of Franconia breccia like the ledge compos- 
ing Eagle cliff, have been found near J. McDonald's, in Franconia, at 
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the end of a road on the direct line between the cliif and Bethlehem 
street. The distance of their transportation is about two miles, and no 
locality of this rock is known to exist nearer McDonald's than Eagle 
cliff. Many of these blocks are four feet in length. The ledge near 
here does not show any ice marks from the local glacier, but there are 
appearances upon it of the usual south-west movement of the neighbor- 
hood {page 21]). North of McDonald's, towards Gale river, the surface 
of the drift is smooth and nearly flat. This is to be explained by the 
passage of the ice over it, as in Bethlehem, Near the western edge of 
this flat expanse is a moraine running N. 27° W., about 20 feet high 
and 40 rods long. It is thought to have been connected with this Beth- 
lehem glacier, as a medial or lateral moraine. The hill slopes rapidly, 
just west of the moraine, and has many quite large boulders scattered 
over it, 

Between Bethlehem street and Littleton is a Baptist church, near 
which I observed boulders 15 feet long, 10 wide, and 10 high, whose 
source is estimated to be from 300 to 500 feet to the south up hill. Their 
transportation down this slope I ascribe to the same local glacier. 

There are numerous moraines commencing a few rods east of Littleton 
railroad station, probably put in their present position by ice of this or a 
related glacier. The eastern slope of the hill between Bethlehem street 
and station is thickly strewn with large boulders, of material similar to 
the nearest ledges. Their position is suggestive of transportation down 
the Ammonoosuc from the east. As similar rocks occur as far as the 
Twin Mountain house, it is not unlikely that the Ammonoosuc glacier 
brought them there ; but further study is required to demonstrate the 
proposition. 

Ammonoosuc Glacier. We have a few facts in regard to the move- 
ment of rocks down the Ammonoosuc valley, probably caused by a local 
glacier. The ice transported boulders far below Bethlehem station, so 
that abundant proof exists of the existence of a glacier close by the 
gneissic blocks just mentioned, on the east slope of the Bethlehem hill. 
The source of this movement was in the large valley occupied by Con- 
cord granite, between Fabyan's and the Presidential range. Many large 
blocks of a coarser-grained granite than ordinary lie upon the slope of 
Mt, Deception, just opposite the Fabyan house, and along the turnpike 
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for a mile easterly. These have not travelled far, having been derived 
from the south base of Mt. Deception. One piece is 22 feet long, 14 
high, and 10 thick. Those 6 feet in length are common. The frag- 
ments are too far removed from the moimtain to have accumulated 
merely by gravity. A similar moraine is cut by the railroad just below 
the White Mountain house at the head of the fails in the Ammonoosuc. 

The recent clearings disclose a sharp, conical moraine south of the Mt. 
Pleasant house, perhaps 20 feet high, and very different in character from 
the neighboring mounds of esker and river gravel. The many large 
granite blocks, where the railroad approaches near the Ammonoosuc 
river, above Mt. Pleasant and near the upper falls, are also like a local 
moraine. 

In the fields east of the Twin Mountain house there are hundreds of 
boulders of Mt. Deception granite, often 12 feet in length. The under- 
lying rocks, for the four or five miles distance between the Twin Moun- 
tain house and Fabyan's, are of very different material. Hence this is 
an example of materials transported westerly a distance of four miles. 
This cannot have been done by water, — the blocks are too large. A 
local glacier sliding over the more ancient drift must have been the agent 
of transportation. This lateral moraine east of the Twin Mountain house 
is quite conspicuous, and the most readily accessible of any examples 
known. It may be seen from the train, a short distance east of the 
station. 

Just west of Rounsevel & Colhurn's saw-mill, midway between the 
Twin and White Mountain houses, I found a large block of granite, in 
1871, nearly 12 feet in diameter, and about square, closely resembling a 
handsome variety of granite occuring on Mt. Willey, and further south. 
A second smaller one exists in the neighborhood. I have never found 
this particular kind of granite north of the Notch in ledges, and as it 
occurs with the Conway granite near Mt. Willey, it is probable that these 
blocks descended the New Zealand valley, starting from the west side of 
the same mountain. Other boulders, seemingly from the south, are a 
few of Chocorua granite near the Crawford house, in which Prof. Dana 
discovered grains of chrysolite. I know of no ledge to the north of their 
present situation from which they could have been derived, while similar 
ledges abound farther south. 
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Examples of transported boulders of Albany granite are more decisive 
of a glacial movement down the stream. From the mouth of New Zea- 
land river nearly to Bethlehem station are numerous blocks of this gran- 
ite, six feet in length. This rock is in place on the New Zealand river, 
but not on the Amraonoosuc. Hence the fragments must have moved 
down the stream (also Little river, in Carroll), and being too large for 
water transportation, require the agency of a glacier. Rude striae, sup- 
posed to have been made at this period, occur near the Wing road in the 
river. The boulders are found as far south as North Lisbon. I obtained 
a specimen there weighing about eight pounds. No search has been 
made for them lower down. Their location in the river, and angular 
shape, indicate transportation by a local glacier. About half a mile 
above Bethlehem station the valley is almost closed by a large hill of 
till, with some stratified layers on the outside. This eminence resem- 
bles a moraine. 

On Little river, about four miles above its mouth, is a slide worthy of 
mention. For a distance of 50 rods the ledges are bare, where they have 
been exposed by the sliding, commencing at a point and expanding to 20 
rods width. At the base of the hill are 10 rods space as long as the 
width of the slide, full of fallen trees with their trunks mostly arranged 
in convex order, opposite the direction of transportation. No other feat- 
ures of local motion were apparent in the Little River valleys, largely 
because a dense forest prevents them from being seen, or else the power 
exerted in this slide was not sufficient to score the exposed ledges. It 
is probable that the Bethlehem and Ammonoosuc glaciers united and 
flowed down the latter stream several miles below their junction. 

River Moraines. In the Saco valley the tributary streams have 
brought down immense masses of large boulders that would be called 
moraines elsewhere. They cross the main valley like terminal moraines. 
The larger the tributary the more important the deposit. They are par- 
ticularly conspicuous at the mouths of Bemis and Davis brooks, Nancy 
and Sawyer's rivers. The latter deposit has been cut through by a rail- 
road excavation. This is the most conspicuous example. On descend- 
ing the valley by the carriage-road, we approach a broad expanse of the 
terrace where are one or two farms, and also the turning off of the branch 
railroad to Livermore, The highway ascends a sort of terrace, and the 
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railroad cuts into it, rising somewhat. At the excavation, the nature of 
the material is well shown, consisting of smooth boulders, from pebbles 
to boulders two and three feet in diameter. The bed of the river shows 
similar detritus. The stream is so violent in high water that these boul- 
ders are pushed downwards, and as the force of the current abates the 
detritus accumulates by the sides. The amount brought down is so 
great that it rises higher than the meadow, and thus we have a deposit 
analogous to that of the levee near the mouth of the Mississippi. The 
tributary stream causes this very coarse deposit to form a ridge reaching 
nearly across the Saco valley, and at right angles to it. Hence it simu- 
lates the terminal moraine of a glacier, and might easily be mistaken for 
one, if the connection between its presence with the tributary were not 
noticed. 

Below Sawyer's rock this coarse material exists in such amount that it 
is difficult to decide whether it should be called a glacial or a river mo- 
raine. The rubbish has accumulated in the eddy behind the ledge, and 
can be called by either name. It must be 50 feet thick, and cover half a 
square mile of surface. It seems to have been excavated at Stillings's 
old hotel stand by Albany brook from the south, and the moraine be- 
tween this stream and Upper Bartlett station is of large size. The rail- 
road cuts through a similar bank on the north side of the Saco, about 
opposite the mouth of Stony brook in Hart's Location. 

I have already mentioned a few examples of stri^ on the ledges in the 
valley of Saco river and its tributary, Duck pond, which are referable to a 
local glacier. Through most of Bartlett the land is flat, as if all the rub- 
bish that usually occurs in the form of terraces had been washed out. 
The soil is sufficiently good to enable farmers to cultivate it extensively. 
For a mile and a half along Burbank and Cow brooks, there is a ridge of 
coarse material comparable with a lateral moraine. It is where detritus 
would be naturally deposited, as the river begins to bend northwardly. 
Where the Saco runs northerly to meet Rocky branch is another mo- 
raine pile, at the angle formed by the meeting of these two streams. 
Below this point the valley widens into the broad gravelly meadows of 
Lower Bartlett and Conway, which have been previously described 
(p, 143). Dr, Bemis points out at the base of Mt. Crawford a granite 
block, as much as 12 feet in cubical dimensions, now in the middle of 
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the meadow. This came from the cliff joo feet above the plain a few- 
years since, and after striking the meadow bounded a distance of lo rods 
to the spot where it now lies. A series of moraines occurs at the saw- 
mill on Rocky branch, and for half a mile above. 

Ellis River Glaciers. A recent visit to the main Ellis river and the 
Wildcat Branch in Jackson enables us to describe the markings left by 
the ice in its descent. Dr. Packard has called attention to them in a 
paper cited above. He gives scarcely any details, and relies upon the 
course of the stria;, mainly, for the proof of the existence of the local 
glaciers. These have been credited to him in the table of stride. One 
remark is of importance: "Riding up the Conway valley, up through 
Bartlett to Jackson, we observe moraines innumerable rising high up the 
sides of the valley, and, covered with boulders, revealed more distinctly 
in all the cleared lands. Above these moraines rise rounded and em- 
bossed rocks, while the evenly terraced valley shows that the river, then 
a series of broad lakes, rearranged and re-sorted the compressed mate- 
rials composing the mounds left by the melting glacier into finely, evenly 
stratified fresh water deposits." I noted some of these moraines In Bart- 
lett, or the edge of Conway, in the woods south of the Interval station. 
Mr. Bigelow's fine summer residence is upon one of these moraines ; and 
the blocks are quite numerous among the pine trees further south. The 
strise S. 60° W., observed by Vose on the south side of Mt. Pequawket, 
must have been made by a branch from the east. After reaching the 
Ellis valley, there is a proper moraine of a local glacier just below Good- 
rich falls. In the edge of Jackson is a ridge in the middle of the valley, 
about an eighth of a mile long, with many large boulders upon its sur- 
face. Small cuts in it show the presence of some boulder clay. This 
reaches nearly to the bridge across the Ellis river, shortly below the en- 
trance of the Wildcat Branch, and in a proper medial moraine. On 
reaching the village of Jackson, the valley divides ; and I will first refer 
to the glacial traces seen on the main stream. There are large moraines 
upon both sides of the valley north and south of a large boarding-house, 
perhaps an eighth of a mile west of the falls. Those south are at the 
base of Cobb's hill, and are less important than those on the other side. 
About two miles up the valley are lateral moraines. About opposite the 
mouth of Miles brook the ledges show striae running down stream, and 
VOL. 111. 32 
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have been abundantly rounded, producing the phenomena of emboss- 
ment. Better examples occur higher up. The last notable example of 
the same is to be seen close by N. H. Cook's, or the last farm-house in 
Jackson. There is here somewhat of an expanse, while above the de- 
scent is greater, and no intervals can be seen. A careful examination 
of this valley will disclose many more facts, both in the settled and for- 
est portions. On reaching the height of land in Pinkham Notch, we 
approach the Peabody valley, and find marks of a movement up the val- 
ley towards Ellis river. The ice travelled a little west of south, north of 
the water-shed, but east of south in the Ellis valley. It is difficult to say 
that the movement in the Ellis valley was disconnected with that in the 
Peabody. It is likely that, in the earlier glacial times, the course was 
first west and then east of south, while in the decline of the period the 
ice ceased to flow from the Peabody into the Ellis valley. There may 
have been a local northerly movement in the Peabody valley, also, as 
suggested by the enormous terrace, in the south part of Gorham (p. 210). 
The marks upon the Wildcat Branch have been more carefully exam- 
ined, although the scoring of ledges is less common than on the main 
stream. At the top of Jackson falls are many moraines supposed to be 
terminal, and of the last valley movement. An examination of their com- 
position shows them to be a miscellaneous accumulation of ferruginous 
earth and rough stones of granite and schist. There has been no ar- 
rangement of the different sorts by aqueous deposition; it is an unstrati- 
fied pile. Its red color arises from the extreme oxidation and hydration 
of the mass. The material corresponds closely with that of the upper 
till of the older drift, which we shall describe more fully presently. The 
origin of the two deposits is believed to be the same. These moraines 
cross the valley, and are about 140 feet above the bridge between the 
hotels. The next set of terminals jut out into the valley half a mile be- 
yond, and probably once stretched across it. Near J. Gale's is another set, 
215 feet above the bridge. On the west side of the valley, large, rough 
blocks of stone are common, while the east is smooth. A fourth moraine 
appears at the two Elkins's houses, a mile and a quarter from the bridge. 
The iifth example is near D. Gray's, shortly before coming to the road 
leading towards Black mountain. These moraines are lateral, and there 
is a slight depression between them and the hill west. There are many 
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rough blocks near the road on the east side of the valley, on the south 
flank of Black mountain, which are to be regarded as lateral moraines, 
opposite to those mentioned at Gray's, but higher up. 

A sixth set of moraines crosses the valley at a new saw-mill near Mrs. 
E. Gray's, two and a quarter miles north of the bridge, and 255 feet 
higher. Above this point the valley keeps the same contour as far as 
Johnson's mill, 150 feet higher, and more than a mile distant. No well 
marked local phenomena display themselves here, nor higher up, along 
the carriage-road. Possibly a search in the wooded tract adjacent to the 
stream might reveal something interesting above Johnson's. A cut in 
the drift here shows it to belong to the lower till. Opposite L, Went- 
worth's, nearly a mile above Johnson's, is an esker, or kame, 1,000 feet 
long, which may have originated during the melting of this glacier, and 
is thus one of its evidences. On reaching Grant's (Breck, on map) the 
present road ceases, but the valley might be followed further to the 
north-west. Here are strias quite varied in direction. The face of the 
rock is smoothed in the direction of the valley a trifle west of south, 
crossed by faint irregular lines S. 33° and S. 83" E. These would be 
explained by calling the smoothing the direction of the ice down the 
valley, and the strias caused by a local tributary sliding from the western 
flank. The top of the ledge, where there is freedom from local currents, 
displays the course S. 44° E., the normal direction of the ancient drift, 
pointing nearly to Mt. Washington. The Wildcat shows other interest- 
ing phenomena of local action further north, but I have not been able 
to examine them. I will add notices of them from Nowell and Sweetser, 
The slide described by the first properly belongs to one of the tributaries 
of the Peabody river glacier. 

W. G. Nowell has given estimates of the position and dimensions of 3 slide upon the 
west side of Carter Dome, Vol. I, Appalackia, p, 83. I condense his account. The 
date was the same with that described upon the west side of Tripyramid. Mr. Thomp- 
son, the proprietor of the Glen house, lost his life in this freshet, while managing 
affairs at his saw-mill. The top of the " hopper," where the sliding commenced, is 
I300 metres from the summit. It descended N. N. W. 300 metres, dropping 1 10 me- 
tres ; then fell 140 metres in a course of 400 metres due north ; next moved 500 metres 
W. N. W., descending no metres, and continues only 100 metres further. For the 
principal part of the last 700 metres the ledge is perfectly bare from 30 to 60 metres in 
breadth, and has piled up at its base about twenty square acres of rubbish that had 
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come down the mountain. The greatest angle of descent, 43°, occurs in the upper and 
lower of the four sections, and the least angle of 18° is in the third section from the 
top. The minimum widths of the four sections are 10, 15, zo, and 30 metres; the 
maximum 15, 20, 30, and go metres. The minimum depths of the excavation were 15, 
10, 5, and 3 metres; the maximum 18, 15, 10, and 10 metres. 

Mr. Sweetser, in his guide-book, speaks of a iine of boulders in the Carter Notch 
which may have had some connection with glacial action. At the south entrance of 
the Notch is a lofty line of immense boulders, piled on each other in inextricable confu- 
sion, and affording some of the most remarkable rock scenery ia the mountains. They 
are rugged and deeply pitted, like the rocks on the cone of Mt. Washington, and 
may have been derived from the crests of the adjacent peaks. One or two of these 
boulders are near seventy feet long each. 

Returning to Jackson, we find a tributary of the Wildcat coming from 
the north-east, and uniting with it about a mile above the falls, which 
ought to show a few glacial traces. I found nothing very characteristic, 
unless it were a few boulders of a peculiar porphyritic granite. I think 
these must have been derived from the north, as nothing like them is 
knoivn in ledges west of Mt. Baldface, or "Peaked," a summit so called 
by Packard, and not named upon our map. The striee upon these moun- 
tains do not point towards Jackson, as they belong to the older set. Mr. 
Packard says, — "On the summit [of Baldface, where the strias run S. 
23"— 28° E.] rest several angular boulders of a peculiar porphyritic sienite, 
containing curious oblong crystals of albitic feldspar. Our guide to their 
source — the trusty ice grooves — points to Peaked mountain ; " and, by 
investigation, he found the rock in situ upon that eminence. The por- 
phyritic boulders found by me did not come from the mountains men- 
tioned by Packard, as the rubbish derived from them would have gone 
down the east branch of the Saco, joining the main stream in Lower 
Bartlett. Further search will develop evidences of the existence of this 
glacier in the east branch. Packard speaks of stauroUte mica schist 
boukJers on the north flank of Mt. Pequawket, saying "they must have 
been borne down on the back of the glacier from Mt. Washington." 
This is hardly probable, since the rock occurs on both the north and 
south sides of Pequawket, and the boulders are even more abundant on 
the south side of the mountain. Jackson Falls village is situated in a 
hopper-shaped depression considerably open on the west side. Pickett, 
Thorn, and Tin mountains constitute the north and east rims, Black and 
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Eagle the north and west sides, while Copp's hill on the west very nearly 
completes the circle, with rifts for the entrance of the ice from Wildcat 
and Ellis rivers. On nearly every side the material low down consists 
of an immense thickness of till, cut deeply by small streams. This de- 
posit gives an evenness of slope to the hills about Jackson that is uncom- 
mon among the mountains. It is believed that the till is mainly of 
ancient glacial origin brought from the north-west, and that the latest 
ice movement smoothed it over and left many large blocks of stone and 
small moraines. The north slope of Pickett hill shows several examples 
of what appear to be local moraines, Packard speaks of a block of 
many tons' weight upon a hill near Goodrich falls brought in this way 
only a few rods. In the neighborhood are stride pointing S. 17° W., as 
if connected with the valley movement just mentioned down the tribu- 
tary of the Wildcat river.* 

Pot-holes. In northern New England there are many examples of pot- 
holes worn in ledges far away from existing streams. These are believed 
to have been formed by currents of water derived from the melting ice- 
sheet, passing down the crevasses of the glacier. Those on the summit 
between different valleys were formerly referred to the agency of one of 
the rivers pouring over the divide into the other depression. Many of 
our examples are so situated that such a theory would not explain them. 
I append a list of the principal pot-holes that have come to my notice : 

One 4 feet deep on top of Swett's mountain, Giimanton. 

One of large size in Wentworth, It is on the south-west side of Carr's mountain, 
from 300 to 500 feet above Baiter's river. 

In the "Flume," Dixville, I saw one, 4 feet in diameter and 7 feet deep, in the pn>- 
ces3 of formation. 

On a ledge exposed for 200 feet, near its south end, a conical one, 2 feet in diameter 
at the top, and about 2 feet deep. It is 125 feet above the river at East Weare, and in 
the edge of Dunbarton. It is called " Indian mortar" by the people living in ihe neigh- 
borhood. 

The same name is applied to a pot-hole near the top of Beech hill in New Hampton, 
about 600 feet above the valley of Lake Wukawan. It is situated on the south-western 
peak, not quite so high as the other, and perhaps 15 rods south of and 40 feet lower 
than the highest point. There are no other evidences of vtater action on the ledges of 

■ I have assumed ihat Packard's observatioos -weie not conecKd for Ihe varialioo of the tompia, u he does 
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porphyritic gneiss than this, and they fall off precipitously for 200 feet. The movtar is 
2i feet from the edge of the rock. It is not perfect, as a notch is gone on the south 
side, so that the cavity is shaped like a pitcher with the nose broken off. The width 
across the top is i foot 3 inches ; depth, on the north side, 24 feet ; depth below the 
notch on the south side, ij feet. The bottom is rounded, and it is frequently filled 

Mr. Upham has described the pot-hojes of the Orange and Newbury summits, and 
Warwick, Mass., on pages 63-66. 

At Amoskeag falls, Manchester, on the Merrimack, are several pot-holes ; one of 
them is 12 feet in diameter and 25 deep. 

The ■' Purgatory," on the line of Lyndeborough and Mont Vernon, shows other pot- 
holes. The stream — 10 feet wide — winds spirally through a narrow chasra, and then 
falls 15 or 20 feet into a large pool. Both the spiral course and the pool are to be 
classed with pot-holes, and there are several small examples above the main cataract. 
A cave below is thought to have originated from ordinary disintegration through 
freezing. 

Local Movements in Vermont. Besides the tributaries of the Con- 
necticut glacier already mentioned, I will speak briefly of the other val- 
ley movements occurring in the area of our map. There has been an 
easterly movement up the valleys o£ the Lamoille, Missisco, and Winoos- 
ki, perfectly distinct from the general south-east progress of the conti- 
nental sheet. It seems to have been a modification of the south-east 
current, caused by the contour o£ the country, and in no sense a local 
glacier. They are to be compared with the movement of the ice up the 
valley of the Peabody river (p. 208). 

I found excellent local glacier phenomena in the valley of Lincoln 
brook, a tributary of Mad river in Warren. In Plainfield, boulders of 
granite seem to have been transported north-westerly to the main village 
from Harris and Goshen gores. Other cases are probably Trout brook 
in Montgomery, and near Lake Memphremagog from the west. 

Lake Basins. 
One of the evidences of glacial action is seen in the hollowing out of 
basins in the solid rock, which are now occupied by lakes or ponds of 
fresh water. If one travels around the border of certain lakes, he will 
discover that it is everywhere rock-bound. In considering the possible 
methods of excavation of such a basin, some cannot be accounted for 
except by glacial action. We should consider, first, whether it might be 
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a synclinal basin ; second, whether it might result from the removal of a 
soluble mineral like limestone. Running water excavates rocks only 
where a descending current can act ; hence it could never remove any- 
thing from beneath its level. Ordinary lake ice cannot excavate beyond 
a few inches below water level. Nor could the ocean, if it were present, 
excavate any deeper. There is no other agent left for us to employ, 
except the glacier. When this starts, having a strong force to urge it 
onwards, it will plough out rocks in its descent, and then move up hill. 
This sort of denudation is fitted to excavate lake basins. 

There are numerous examples of these faasins excavated out of the 
rock for lakes and ponds in our state. I purposed to make a catalogue 
of them, to be presented here, specifying all whose outlet flowed over 
ledges, and those where till or modified drift constitute the barrier. I 
found, on studying the subject, that a barrier of lower till would keep in 
the water as well as a ledge, so that the enumeration of ponds kept in by 
barriers of rock or till made little practical difference as to the stability 
of the water. Furthermore, a lake may be essentially kept in by a rock 
barrier, while the drift spreads an additional obstacle to the fiowage out- 
wards; and, as scarcely any examples could be found of ponds kept in 
by barriers of loose materials, it may not be necessary to present a for- 
mal catalogue of the nature of outlets, citing, instead, a few familiar 
examples. 

Geological treatises make mention of Runaway pond in Glover, Vt, 
where a sandy barrier led to the sudden outrush of the water, after an 
attempt made to increase the size of the outlet by excavation. Similar 
floods have occurred recently by the removal of artificial dams, as in the 
well-known Mill River disaster near Northampton, Mass. We have a 
record of a similar flood on the Mascomy river, occasioned by the burst- 
ing of the original barrier of the lake at East Lebanon. The loose ma- 
terial was not abundant, so that little damage resulted. The Northern 
Railroad company have since renewed the barrier with better material. 
It is an interesting circumstance to recall the ancient barrier of till about 
a quarter of a mile below the present outlet (p. 3i6), whose removal in 
pre-historic times may have caused a great freshet. In Warren, the 
signs of the bursting of a barrier in ancient times are very distinct. A 
gravel ridge like a kame crossed the valley of Black brook, damming the 
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Stream and producing a pond. What circumstances destroyed this bar- 
rier are not known, but the former existence of the pond attracts univer- 
sal belief. Another case is in the edge of Lyman below Young's pond. 
A new road follows the stream above the saw-mill, and the gravel hills 
on both sides for a quarter of a mile look as if they had been cut apart 
within the memory of the inhabitants. An old shore line, marking the 
former height of the pond, is still quite conspicuous. As one passes the 
south end of Station pond in Springfield, he is at a loss to see why the 
water does not immediately make an opening for itself towards New 
London. Upper Beech pond in Wolfeborough is an example of an exist- 
ing pond kept in by a deposit of loose gravel (p. 128), There are many 
instances of ponds in gravel plains kept in by loose materials when the 
amount of water is not sufficient to lead to a sudden removal of the bar- 
rier. Such are indicated on the general map by the absence of any outlet. 

Our largest lake, — Winnipiseogee, — must be a rock basin, although no 
ledges appear at its outlet (p. I2l). The land falls off abruptlyfor about 
1400 feet at the Weirs, in slopes say 600 feet long on the north-west, and 
8cx) on the south-east of the middle of the channel, the amount of the fall 
being nearly 80 feet. As one looks at this from the east it resembles a 
gorge excavated by running water, and it would not be strange if the 
till had once been continuous across the present outlet. In that case 
the outlet would have been from Alton bay towards the Cochecho river. 
The present channel has been deepened about a yard by the Lake com- 
pany. About 25 feet of till has been removed by erosion at the outlet 
of Newfound lake. 

The majority of our ponds have ledges at their outlets. Those who 
are interested in the subject can ascertain whether a given example has 
been excavated from the ledges by observing the nature of the outlet. 
It is very often the case that no ledge is visible about a pond, save where 
the water discharges itself. If any dams are constructed upon loose 
gravel or sand, it will be well for those interested in the integrity of the 
works to examine them from time to time. 

Dispersion of Bouldkrs. 

The second part of our subject relates to the removal of fragments of 
stone from their original ledges, and to any peculiarities that may be 
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observed in their position, shape, size, distance and direction of trans- 
portation, etc., including the various kinds of moraines. The striation is 
believed to correspond in direction with the course taken by the frag- 
ments in their travels. The stones usually proceed in right lines from 
their sources, at first in large rough blocks, then showing more abrasion 
and less size, till they have been reduced to pebbles or coarse gravel, 
and finally no traces can be seen of them. 

This method of dispersion shows miners how to search for veins of 
valuable ores. If blocks of copper or lead ore show themselves tempt- 
ingly, the country may be searched in the direction of the drift common 
to the neighborhood, usually visible on ledges near by in striaB. Let the 
country be carefully explored in the direction whence the stones have 
proceeded, and when no more can be found, the soil may be removed, 
and the veins will show themselves. This method of search, both for 
veins and beds of rock, has been constantly employed in the conduct o£ 
the geological survey, and the principle has never been found incorrect. 
The existence of many peculiar ledges would never have been discovered 
had not attention been first drawn to certain singular boulders. 

If we were to take up the drift deposits one by one, or town by town, 
and specify what kind of boulders occurred, and what seem to have been 
their sources, much labor would be required, and the details would not 
be interesting. When the geology of the state is perfectly understood, 
those conversant with it will be able to say whence every stone found 
anywhere within our limits has been derived. The general law of the 
dispersion of the fragments may be thus stated : the boulders have been 
transported in the direction in which the ice of the glacier period moved, 
as indicated by strias. By consulting our table of stride, where nearly 
every town is represented, those seeking to learn the origin of interesting 
stones in their neighborhood may learn the probable point of compass in 
which to travel to find the source of their specimens. I will endeavor to 
state presently any exceptions to the above rule known to exist. 

The teachers of the institute at New Hampton have interested their 
classes in this subject, and the young people have left behind monuments 
to themselves in the form of large boulders transported by the drift, 
found in their neighborhood, and presenting some strange or unique 
feature. I noticed a large block of the handsome porphyritic gneiss 
VOL. III. 33 
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found in the east part of the town, and two boulders of andahisite schist, 
with coarse and fine crystals, one of them apparently from Carr's moun- 
tain. These specimens ornament the grounds of the institute, while 
other minerals are exhibited under glass. 

In order to give some idea of the distribution of boulders in the state, 
I will select a few examples, and describe carefully the kinds of rock 
found, their size, probable origin, and distance of transportation. In the 
same connection, other interesting features illustrating the general sub- 
ject may be mentioned incidentally. Some generalizations may follow 
the description of localities. 

Boar's Head. 

In the middle of Hampton Beach, a mound of drift about 1300 feet 
long and 45 feet high, rises very conspicuously to view. It is the well 
known Great Boar's Head, visited every summer by thousands of people 
for the enjoyment of sea air and bathing. Though small, it may be re- 
garded as a true lenticular moraine, isolated from all visible connection 
with any other mass of till, by a distance of nearly two miles between the 
nearest points. It has been exposed to the wearing action of the sea 
from time immemorial, and consequently has lost a considerable portion 
of its mass. The clayey portion of the till is washed out, leaving the 
stones, and consequently the former size and shape of the mound is 
clearly indicated at low tide by the remnants. From the extreme point 
of the cliff these boulders extend south-east for 400 feet. Their northern 
limit is about a quarter of a mile north of the Boar's Head hotel ; opposite 
the middle of the cliff the boulders are continuous 120 feet to the fucus 
growth, and a single stone projects out of the water as far again. If the 
hill were restored to its original dimensions, it would probably be 1800 
feet in length by 350 in width, with a course about N. 35° W. It was 
steepest on the south side. Mr. S. H. Dumas, the proprietor of the hotel, 
thinks there has been no wearing away of the hill of any consequence 
for many years. The landing-place for boats on the south side has been 
constructed as it is now for the past forty years. If a new one were 
desired, no change of position would be required ; so that the erosion 
on that side has been very inconsiderable. The present slight curve in 
the beach north o£ the hotel he remembers to have been straight once. 
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Mr. Joseph Dow, of Hampton, says a measurement of the bluff in 1875 
showed that a length of one rod at the point had disappeared since 1826; 
and his impression is that a prominent stone, called Gunning Rock, near 
the end of the boulders, is farther removed from the bluff now than it 
was forty years since. 

A view of this bluff from either side near the end shows finely the 
distinction insisted upon in this report between the lower and upper till. 
The sides of the bluff meet 
at the end, making a sharp 
edge, which dips towards the 
east at an angle of 60°. Fig, 
54 is copied from a photo- 
graph, which shows the line 
between these divisions as plainly as in nature. The upper part has 
been broken away near its end, but its depth is nearly uniform over 
the whole plain, about ten feet, or a little less, at the end. This has its 
usual reddish-yellow in distinction from the bluish cast of the lower till. 
It is ferruginous, comparatively loose in texture, and contains rough 
stones, rarely any that have been striated, and the material is chiefly 
the slates found in place two or three miles distant. Being easily 
crushed, the upper till contains an unusual proportion of earth. Its 
resemblance to the upper till of Portland, Me,, is obvious. The lower 
thirty-five feet of till is composed of very compact, gritty earth, slightly 
clayey, containing numerous smoothed and striated boulders, from grains 
of sand to fifteen feet in length. Many of the stones are in the condi- 
tion of unstable equilibrium. The uncovering of the boulders by wash- 
ing enables us to learn their nature, and refer them to their probable 
source. A careful description of the different kinds observed here 
will illustrate the origin and dispersion of all the boulders along the 
sea-shore. The most abundant rock is sienite, boulders 12 and 15 feet 
in length occurring occasionally. Those 6 feet long are common. They 
are all glaciated, but many have been smoothed since falling out of the 
bank by the waves. It is gray with a considerable sprinkling of white, 
I will group the boulders according to size. Of those about six feet in 
length are sienite, gneiss, trap, Pawtuckaway sienite, granite with blue 
feldspar, such as occurs in ledges at Frost's Point in Rye, crumpled 
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gneiss of the Manchester and Deerfield range. We found the following 
in pieces from three to four feet long : Sienite of Exeter, the most abun- 
dant as usual, and twelve different varieties ; well defined gneiss, flinty 
slate, ferruginous mica schist, porphyritic gneiss (some blocks like that 
of East Concord, others like the New Hampton rock, the feldspar very 
abundant in double crystals), breccia of flint or indurated slates, sienite with 
black patches, dolerite, gneisses like the Laurentian, green augite rock, 
Concord gneiss, porphyritic gneiss with large garnets, saccharoid quartz, 
gabbro Uke that of Gilford, sienite with feldspar, — perhaps labradorite 
and fine gray granite. The following were found of less dimensions than 
three feet, down to pebbles : Moiitalban schist with blotchy mica, trap of 
various textures, granite like that of Barre, Vt., clay slate, andalusite 
mica slate, jaspery quartz, slates like those of Portland, Me., fine-grained 
reddish whetstone slate, Manchester gneiss, greenish sienite with por- 
phyritic like parallel spots of gray quartzite, argillo-mica schist, reddish 
porphyritic rock or sienite, gray garnet rock, Albany granite, red por- 
phyry, white breciated quartz porphyry, and Tripyramid sienite or dio- 
rite ; also, reddish weathering limestone, such as occurs in eastern 
Maine, 

The most conspicuous and abundant of these materials came from the 
sienite range extending between Dover and Exeter, and travelled from 
nine to fifteen miles. A few of this class may have originated in a range 
three miles nearer. Many of the slates came from the ledges inside of 
the sienite. No andalusite slate is known to exist within twenty-five 
miles. The Manchester gneisses have travelled certainly twenty miles ; 
the others may have come from either a greater or a less distance. I know 
of no porphyritic gneisses, like those occurring here, nearer than forty-five 
miles in a north-west direction, while ledges sixty miles distant agree 
with them exactly. The gabbro found at Gilford is in botilders, so that 
I cannot certainly refer to their source. I find nothing that seems to 
have come from a greater distance than the Tripyramid sienite, at Jf 
miles. The porphyries may have come from greater or less distances, 
possibly from the Ossipee mountains. Others of the pieces are like 
rocks further north, but I cannot claim anything but the minimum dis- 
tances. I do not specify many other distances that might be mentioned. 

I have assumed the north-west to be the proper direction of dispersion. 
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and nearly al! the boulders seem to have come from that direction. The 
schists like those at Portland, Me., cannot be indisputably proved to have 
come from that quarter; but if there were evidence of a south-west cur- 
rent, I should refer to that locality for their origin. The most difficult 
fragment to explain is the piece of limestone about a foot through, found 
at the eastern edge of the cliff. It is drab colored, weathering reddish, 
and tarnishes quickly after exposure. There is nothing like it in New 
Hampshire, nor in western Maine. It is like some limestones from the 
vicinity of Machias, 190 miles distant north-east in an air line, or New 
Brunswick, much farther. I inquired whether ballast from schooners 
might not have been thrown out upon the beach ; but those who have 
lived here for many years thought the stone could not have been brought 
in that way. Our conclusion is, that the stone came from the bank, more 
likely the upper than the lower division, and that its original source was 
towards the north-east. We need, however, confirmatory observations 
before throwing down the gauntlet in favor of this proposition, 

Dover. 

The locality examined is the excavation in the kame half a mile north- 
west from the post-office, made by the Dover & Winnipiseogee Railroad, 
figured and described upon page 158. The previous example was in till; 
this is in material derived from the modification of the upper till, and the 
stones have travelled somewhat further than to their place of deposit 
from the glacier. The largest stone I have seen in any gravel deposit 
in the state occurs here, weighing sixteen tons. There are others two 
thirds the size of this, all of mica schist, with rough edges, showing only 
a short carriage. It is the rock of the neighborhood, and consequently 
the most abundantly represented among the pebbles. Others are fine- 
grained granites, Monfaiban schists. Concord granite, trap rocks. White 
Mountain porphyry, red porphyry (like that occurring upon Mt. Lowell), 
Albany granite, Tripyramid diorite, sienite (like that on Red hill), sienite 
with two kinds of feldspar, and the granite of Hart's Location, such as 
has been quarried on Sawyer's river. Probably ten per cent, of these 
stones came from the White Mountains, some of which can be shown to 
have been carried more than sixty-five miles. Perhaps most of them 
might have been derived from the Ossipee group, within forty miles. 
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Supposing the course of the strise about S. 20" E., the Concord granite 
would have come from Farmington, 15 miles distant; the sienite from 
Gunstock, from 25 to 35 miles; the Montalban rocks about the same 
distance, or a little more. 

Manchester, 

The city authorities have made numerous cuttings on various kinds of 
material within their limits, which can afford the most abundant informa- 
tion respecting the different kinds of materia! present in the drift, I 
searched for rocks transported a great distance rather than for the entire 
variety, so that my list is small. On Wilson's hill, at Lowell street, exca- 
vations have been made to the depth of from 12 to 15 feet, the finer 
sandy and gravelly portions separated by screens and carted away, leav- 
ing the stones and boulders, none of which exceed two or three feet in 
diameter. The excavation shows several features concerning the nature 
of the till better than anything seen elsewhere, and deserves to be shown 
in photographic illustrations. The examination was made before our 
decision to distinguish between the lower and upper till. The excava- 
tion probably exhibits both kinds of till, the upper a coarse, yellow gravel, 
from two to three feet thick. The surface of the hill is smooth, with 
scarcely any large boulders visible. There is a layer several inches thick 
of a sand overlying the gravel. Roots of pine trees have penetrated the 
earth to the depth of six feet. The lower till here contains many glaci- 
ated stones, including those that have come from the greatest distances. 
The material resembles clay, but, when pulverized between the thumb 
and fingers, is seen to be gritty, composed of siliceous rather than alumi- 
nous particles. This remark is applicable to very much of the drift de- 
posits of southern New Hampshire, and explains our preference for the 
name ?///, adopted in this report for these accumulations, rather than 
boulder clay. The till here presents a laminated appearance, with hori- 
zontal partings, and iron oxide in the seams, evidently derived from water 
soaking down from the soil above. This laminated aspect is very com- 
mon in the lower till, and is believed to result from the enormous pres- 
sure exerted by the presence of the ice-sheet. Two thousand or three 
thousand feet thickness of ice are adequate to induce these cleavage 
planes in the moist and slightly plastic earth. They cannot have come 
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from deposition, as there has been no sorting of the material. Possibly 
some authors have mistaken these lines for stratification. 

An uncommon feature is the presence of cracks and cavities, or what 
seem like such openings, one or two inches wide, filled with the upper 
gravel. Some masses of the lower till are entirely encompassed by 
them, so that in a section they appear like imbedded, irregular patches. 
The till occupies most of the area, the gravel occurring mainly in the 
veins. The section suggests the possibility of ice occupying the present 
position of the veins at first, and the subsequent infiltration of gravel 
after the melting of the frozen material. There are cases on record of 
large fragments of boulder clay transported by ice as if they were rocks. 
There might have been disturbances in the till, and the interspaces sub- 
sequently filled with gravel. This gravel does not show any cleavage 
structure like that of the lower till. 

The larger of the boulders here are of granite, such as occurs within 
two miles. Those next in size are of the Manchester or Hooksett quartz, 
and mica schists of Andover and Franklin. Stones four inches long are 
composed of the Albany granite, and there are also two kinds of White 
Mountain porphyry. Similar White Mountain boulders occur in a rail- 
road cut very near Massabesic lake, in a compact, elongated moraine, 
different from anything else in the vicinity. 

The greatest distance of carriage indicated by these boulders is 68 
miles. The mica schists travelled about 35 miles. The great bulk of 
the stones on Wilson's hill has come, therefore, from 35 miles and less. 

A pebble of White Mountain porphyry has been shown to me by a 
resident of Nashua, who found it near his home. This must have 
travelled as much as 86 miles. 

Concord, 

An examination of the Concord kame showed many stones 8 to ro and 
12 inches in diameter, more than three fourths consisting of the Con- 
cord granite and associated rocks. I found, also, white quartz, ferrugi- 
nous schists, porphyritic gneiss, trap, blue quartzite, hornblende schist, 
gneiss, and a possible example of Huronian schist from the Connecticut 
valley. Careful search failed to discover any rocks from the White 
Mountains. This indicates that the locality is too far west to receive 
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contributions from the mountains. It suggests the probability of the 
transportation of those at Manchester and Nashua by the local Merri- 
mack glacier. The ice from the White Mountains would meet the tribu- 
tary glaciers from the west, and be compelled to slide upon the east side 
of the valley exclusively Hence, whatever boulders came from the 
White Mountains would be found upon the East Concord or Manchester 
side of the valley. 

As the continental glacial sheet moved to the south-east, it follows 
that whatever White Mountain blocks are found in the lower till of the 
Merrimack basin must have been transported by a valley movement, un- 
less the natural radial divergence from the mountains could have spread 
as far west as Manchester. 

Hanover and vicinity. 

Passing over to the Connecticut valley, boulders of a different class 
present themselves to view, or those derived from Vermont. We also 
find a large proportion of them brought by the south-east current, 
although the strias close by run west of south. This confirms our pre- 
vious suggestions of the existence of both movements in this valley. 

About two miles north of Dartmouth college the kame furnishes the 
following pebbles, the largest lO inches in diameter : Barre granite, 
Bethlehem gneiss — both varieties, Huronian diorite, quartz schists with 
decayed layers, calciferous mica schist — several varieties, clay slates, 
hornblende schist, jaspery quartz, quartzite, decayed limestone. Else- 
where this ridge furnishes handsome pieces of red jasper, thought to 
have been derived from ledges west of the Green Mountains, a distance 
of 70 miles. The Barre granite has been carried 32 miles. The Bethle- 
hem gneisses are in place one mile east of this kame for four miles, but 
they more probably came from Haverhill, 40 miles distant, unless trans- 
ported down from the Jacob's brook glacier in Orford, on the east side of 
the valley. These pieces travelled on the Connecticut glacier. The 
various Huronian and the calciferous schists, and the slates, mostly came 
from the north-west, involving from a few rods to several miles of car- 
riage. 

Further east are heavy deposits of till composed of long travelled and 
much glaciated stones. Three of them are represented in the accompa- 
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nying heliotype. The two upper figures show the opposite sides of the 
same pehble — nearly of the natural size — of a mica slate, not of remote 
origin. On one side the stride run at a small angle with the longer axis 
of the pebble. On the reverse side the lines are irregularly disposed. 
The lower left-hand view shows an argillaceous schist, derived from 
ledges five or six miles distant, of oblong shape, three inches long, and 
the striae on both sides are approximately parallel to the longer axis. 
The whole surface on every side has been glaciated, some of the depres- 
sions being deeper than the others. The other view is of a Huronian 
schist, derivable from ledges three to twenty miles away, 12 inches long, 
7 wide, and 3 thick. The upper end has been partially encrusted with 
carbonate of lime of more recent origin than the strife. The opposite 
flat sides are scratched parallel to each other, and the longer axis of the 
stone. The ends are rough. This represents the shape and peculiarity 
of the striatioti o£ a majority of glaciated boulders. 

The following varieties of material have been found in company with 
these heliotyped boulders upon the north side of Mink brook, about a 
mile east of the brick church at Mill Village: Hornblende schist, dia- 
base, blue and gray quartzite, clay slate, serpentine, red quartz, red sand- 
stone, and gneiss. The cliff is 40 feet high, the upper ten feet of upper 
till containing limestone. 

These boulders must have been brought by the south-east current, 
some of them 65 or 70 miles. I think there is a notable absence of the 
Bethlehem gneiss among them. In the north part of the town the drift is 
very thick on the northern slopes. On following Mink brook to its source, 
in the south-east corner of the town, other similar ground-moraines occur. 
The same are more abundant south of Hayes hill in the edge of Leba- 
non. A tributary of the Mascomy has cut through this deposit, produc- 
ing by erosion terraces of till. The surfaces of all these moraines are 
smooth, indicating the sliding of a glacier over them. Between Prospect 
and Corey hills is a smooth depression rising gradually to the curved 
water-shed between the stream flowing west and Mink brook. Scarcely 
any boulders occur on this basin ; but after beginning the descent to Mill 
Village, coarse moraines and large rough boulders, twelve and fifteen feet 
through, abound. It would seem that the glacier broke off the fragments 
from the ledges of the smooth area, carried them to the brink of the 
VOL. Ill, 34 



Hosted by 



Goosle 



262 SURFACE GEOLOGY. 

declivity, pushed them over, and left them on the lee side of the hill. 
The contrast between the smooth fields south of Prospect hill and the 
rough pastures towards Mill Village is very strongly marked. On the 
hill north-east from Colburn's, in the edge of Lebanon, is another enor- 
mous accumulation of large gneissic blocks. On the College grounds, to 
the west of Culver hall, the surface was formerly covered by numerous 
large blocks of hornblende schist, sometimes ten feet across, derived 
from the adjacent ledges, and transported southerly by the Connecticut 
glacier. Excavations showed that some of them occupied an unstable 
position; if the earth were removed from their sides, they would topple 
over. It is a characteristic of till, that many of the boulders are so situ- 
ated, and it bears witness to their method of removal. Had they fallen 
from an iceberg, they would rest with the centre of gravity in equilibrio. 
Now they are kept in a forced position, such as would result from the 
shoving along of a pile of debris, or such action as arises from the move- 
ment of a glacier. Underneath this clayey coarse drift the material is 
gravelly and less compact, derived from the gneissic rather than the 
slaty rocks of the neighborhood. 

Quechee Railroad Cut. Between Hartford and Quechee villages the 
Woodstock Railroad has cut deeply into the lower till, affording the hand- 
somest exhibition of the two varieties of till yet displayed in this region. 
The cut is 40 feet deep, three fourths of it being the lower member, very 
compact, full of small-sized glaciated stones cemented together by thick 
boulder clay. Every stone is striated. There are great numbers of the 
BurHngton red sandstone, and many beautiful green serpentines. The 
most common are of gray quartzite. One was composed of a fossil coral. 
The red stones have travelled the greatest distance, from over the Green 
Mountains, about sixty miles. Concerning these and the similar ones at 
Hanover, it is to be remarked that they were raised over an acclivity of 
3,000 feet altitude as well as transported a great distance. The upper 
ten feet of this cut is a typical locality for the upper till. There is the 
distinctively reddish-brown color, loose consistency, rough blocks com- 
mon with an occasional striated one, and very many of the siliceous lime- 
stones of the neighborhood. None of the latter were observed in the 
lower till. 



Hosted by 



Goosle 



GLACIAL DRIFT. 



Boulders from Mt. Ascutney. 
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If different ice-currents have struck the ledges, and transported frag- 
ments in several directions, we shall expect to find the boulders quite far 
apart at a considerable distance from the source. As an illustration of 
this wide spread of materials starting from a small area, I will mention 
what is known about boulders starting from Mt. Ascutney, as their min- 
eral character is peculiar, and not likely to be mistaken. In Claremont 
they are very abundant, about eight miles and a half distant, and the 
direction south-east. In Surry, on the west side of Thompson brook, in 
the north-west part of the town, Butler's rock, a boulder 20 feet 3ong, 20 
feet wide, and 12 feet high, came from Ascutney. The distance of trans- 
portation is 27 miles in the course S. lo" E. In Keene — west part — is a 
striated Ascutney boulder five feet in diameter, S. 8° E., and 35 miles 
distant from its source. G. A. Wheelock informs me of the existence of 
similar blocks at the west base of Monadnock, S. 20° E., and 42 miles ; 
also one in Mr. Newton's garden in West Swanzey; 20 in Keene, the 
largest on Samuel Towns's farm; three in Surry; several in Alstead; 
very many at Paper Mill ; and Dr. Prouty found one in Langdon, two in 
Gilsum, and one in Sullivan. Others are on Mr. Gilbert's farm in Wal- 
pole, two in Westmoreland, and one at Ashuelot. This last is nearly due 
south, and 45 miles distant. Another is at R. C. Fisher's in Hinsdale. 
The only other example in mind is in the north-east corner of Bernards- 
ton, a small stone 50 miles distant from Mt. Ascutney, and S. 4° W. in 
direction. 

If lines were drawn from Ascutney to all these points they would cor- 
respond to radii. If the Claremont stones continue south-east, which 
seems likely, any occurring at the south state line in Pelham would be 
85 miles distant, and 36 east of the Bernardston example. In this in- 
stance it is easy to account for the wide spread of the stones by the 
south-east current for some, and the Connecticut valley movement for 
the others. It is a question worthy of investigation, whether all boulders 
have a radial dispersion like these from Ascutney. The facts of this 
dispersion ought to be gathered in greater abundance, and compared 
with those obtained elsewhere. 
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BOULDERLESS ArEAS. 



In New Hampshire no considerable regions are devoid o£ boulders, 
except areas of sand where the stones are concealed by deposits of later 
age. The nearest approach to a boulderless area is in the limestone 
regions of Cornish and Colebrook. In eastern Vermont the absence of 
boulders over the same formation is very conspicuous, as may be seen 
in passing up Wait's river and the east branch of White river. The 
boulders of the underlying rock decompose readily, and it is believed 
that though once as common as the average of granite blocks in New 
Hampshire, they have been disintegrated by atmospheric agencies, leav- 
ing very few signs of glacial work. Occasionally lines of granite boul- 
ders occur in this calciferous area, enough to show that the glacier did 
not slight it. Such boulders would furnish excellent studies of the radial 
dispersion of fragments, as their distribution could be easily made out. 

On the contrary, some kinds of rock seem almost incapable of decom- 
position, and leave the fields profusely strewn with them. The porphy- 
ritic gneiss and the Exeter sienite areas are remarkable for the great 
amount of rough blocks of their own kind scattered over them. They 
are mostly those that have just started on their travels. Between Dover 
and Exeter the loose fragments of sienite scattered over the area occu- 
pied by this rock are numberless, and commence abruptly on the north- 
west side. One knows that he has reached the sienite rock by the 
numerous blocks of it seen long before a ledge can be found, it may be, 
I suppose their abundance is to be explained by their difficult decompo- 
sition. 

Large Boulders. 

Although our state is noted for the great abundance of boulders 
strewn over its surface, it is only quite recently that I have seen boul- 
ders in our limits larger than any of which mention has been made in 
the writings of American geologists. They were brought to our notice 
by His Excellency Governor Prescott. Regret had been expressed to 
him that no boulder had been found in the state equal in size to those 
known to exist in the neighboring states. As if he felt the credit of the 
state impaired by the imputation, he immediately searched the neighbor- 
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hood of Pawtuckaway mountain, and found a very formidable array of 
giant fragments superior to anything else described elsewhere. The 
celebrated Pierre-a-bot of the Jura contains about 40,000 cubic feet, 
weighing 3,000 tons ; the Green Mountain Giant of Whitingham, Ver- 
mont, has the same cubical contents; the one formerly existing at Fall 
River, Mass., now destroyed, is estimated to have weighed 5,400 tons. 
The Churchill rock of Nottingham, shown in a heliotype at the begin- 
ning of this chapter, measures 62 feet long by 40 wide, and is estimated 
at 40 feet high. Making liberal allowances for irregularities in its 
dimensions, it contains over 75,000 cubic feet, weighs 6,000 tons, and 
is therefore nearly double the size of the Jurassic and Vermont exam- 
ples. Bingham's rock at Smuggler's notch in Vermont is larger, but is 
so connected with a ledge as not to be properly esteemed an erratic. 
The Swiss example has been transported much farther than either of 
the New England boulders. 

Churchill rock is on the south side of north Pawtuckaway. It lies in 
a valley not shown on our map by contours, starting at the middle of the 
Deerfield and Nottingham line where it passes over this peak, and point- 
ing east to Round pond, made a part of Pawtuckaway pond upon the 
county map. This valley is half a mile long, and displays a very remark- 
able lot of large boulders and moraines. The commencement of the 
valley is a narrow notch in the sienite of the mountain, full 200 feet deep 
and narrow. The boulders seem to have been detached from tiie cliffs on 
either side of the notch, and then transported by the ice, perhaps, or local 
glacier, eastwardly. Within a few rods of the starting-point are several 
large blocks, worthy of special measurement anywhere except in their 
company. About an eighth of a mile down, too far to allow of their 
accumulation by gravity, are six large boulders close together, each one 
averaging 30,000-35,000 cubic feet. A little beyond them is Chase 
rock, 40 feet long, 40 feet high, and 30 feet wide. About a quarter of a 
mile or a little less from the starting-point is Churchill rock, and close 
by it two others, one estimated as equal to 30 feet in each direction, — 
27,000 cubic feet, — and the other ten feet longer, with the same breadth 
and height, or 36,000 cubit feet. On climbing the mountain north of 
Churchill rock, some large blocks are seen, which have been severed 
from connection with the ledge; one of them 50 feet long, slab-like in 
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form, rests slanting against the hilt-sidcj so as to make a natural shed for 
the cattle. 

Churchill rock received its name sixty years since, from the circum- 
stance that a lunatic of that name escaped from his keepers, and was 
discovered on top of this boulder. It will be seen that the rock is 
divided by a crevice, originally a joint, providing a space usually a few 
inches in width. Mr. Churchill must have crawled up through this nar- 
row opening, doing, like other persons in his condition, what seems 
almost impossible. It was found necessary to fell a tree upon the rock 
to insure for the man a safe descent. The base of the stone is below 
the feet of Gov. Prescott, as represented in the heliotype, who stands 
the lowest down of the four persons seen in front. The top is midway 
of a pine tree with a trunk nearly two feet in diameter, and was thought, 
by some on the ground, to be 80 feet high. 

Chase rock is well shown in another heliotype, with a profile view upon 
its summit of Erastus H. Chase, the proprietor of all these large boul- 
ders. Fifty years had elapsed since he climbed the boulder before. He 
took great enjoyment when a lad in climbing this rock. It is much more 
narrow when viewed from either end. 

On passing nearly to Round pond, almost three quarters of a mile 
from the Pawtuckaway notch, we reach Ballad rock, so named from a 
preacher who used one of the projections for a pulpit in the early history 
of the town. A heliotype sketch of this is presented, showing two or 
three of the constituent boulders of this moraine, for it is a terminal pile 
of rubbish. It may have collected behind a ledge, though it is not always 
easy to separate ledges from boulders in this vicinity. The largest stone 
is 60 feet long and 40 feet wide, and ovoid in shape. The moraine itself 
is 150 feet wide and over 100 feet high. Five or six of the large boul- 
ders in it are readily discernible to the visitor. The view is somewhat 
defective, because of the difficulty of obtaining a good hght in the forest 
late in the afternoon. This moraine is really more remarkable than the 
single large boulders, because it is composed of several pieces, each as 
large as Chase, if not Churchill rock. The ridge extends to the pond, 
and its base is crossed by the road. 

We find, therefore, in this short distance of three quarters of a mile, 
certainly a dozen boulders, each exceeding 25,000 cubic feet in dimen- 



Hosted by 



Goosle 




Hosted by 



Goosle 



Hosted by 



Goosle 



GLACIAL DRIFT. 267 

sions. Their position requires the invocation of glacial action to ac- 
count for their removal from the pinnacle or cliff from which they seem 
to have come. We could not have expected anything less than such a 
royal discovery, when the chief executive of the commonwealth set him- 
self to search for something worthy of mention. 

Vessel Rock. In Gilsum a large boulder (Fig. 55), called Vessel Rock, 
from its fancied resemblance to a ship, has long attracted attention. Dr. 




Fig 55 —Vessel Rocis. Gilsim 

Jackson described it in his report, and thinks it came from a coarse gran- 
ite ledge fifteen rods distant, according to G. A. Wheelock. The rock 
itself measures 46 feet in length, 24 wide, and 26 high, containing over 
28,000 cubic feet. A piece was split from it by frost in 1817, measuring 
33 feet long and id wide. The whole stone before splitting was said by 
Jackson to include 32,000 cubic feet, and to weigh 2,286 tons. Other 
large fragments of the same rock occur to the west and south. The 
building shown in the figure is a school-house. It is about a mile and a 
half south-west from the village. 

Elephant Rock. This boulder is situated in Newport, within a few- 
feet of the summit of Pike hill, fully 1,500 feet above the level of the 
sea. It is composed of graphic granite. Its length is about 29 feet, 
and its height not far from 23 feet. The rock is represented in Fig. 56. 

Dr. Jackson says, in his report (p. 100), — "Some immense blocks of 
granite occur in Northumberland, on the estate of Mr. Mills Olcott, of 
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Hanover. One of them has the following dimensions: 30 feet long, 18 
feet high, 27 feet wide, and contains 4,580 cubic feet. The other is 33 
feet long, 6 feet high, 9 feet wide, and contains 1,152 cubic feet. It is a 
light-colored granite, of excellent quality for building. These blocks of 




Fig, s6.— Elephant Rock Newport 

granite are different from any rocks found in place in the immediate 
vicinity. The nearest granite ledge is one mile north of it, but is of a 
different kind. The original bed must be some distance to the north- 
ward." 

Conway Boulders. Prof. E. J, Houston describes a large boulder, near 
the house of E, S. Stokes, North Conway, in much detail in the yotirnal 
of the Franklin InstiUite, Volume LXII, 1871. He calls it the Pequaw- 
ket boulder. It is of coarse granite, with a preponderance of feldspar, 
considerable quartz, and very little mica. The general form is that of a 
parallelepiped, one of whose longer sides is partly buried. The length 
is 52 feet 6 inches; greatest breadth, 21 feet; greatest height, 33 feet 2 
inches; and it is estimated to weigh 2,300 tons. Several large fragments 
surround the mass, seemingly once connected with it. One is 31 feet 3 
inches long, 15 broad, and 21 high. On the south-east side is another 
piece 31 feet 7 inches long, 15 feet 3 inches broad, and 11 feet 7 inches 
high. Several spruces and beeches conceal the boulder from the road. 
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A moraine runs up the hill, N. 80° E. from the boulder, containing many 
large blocks. About 600 or 800 feet higher they average 12 by 13 by 
15 feet. A few hundred feet below the Pequawket is another mass 31 
by 18 by 21 feet. 

There is another one called the Washington Boulder, represented in a 
heliotype. It is about a mile north-east from Conway centre, near Pine 
hill. Its dimensions may be expressed by about 30 feet high, 40 long 
and 25 high. It is one of the notable objects of Conway, and is com- 
posed of the granite for which the town is famous. It cannot he shown 
to have travelled far. 

Bartlett Boulder. This is not so noted for its size as position. It has 
the typical shape of glaciated stones, — 15 feet long, 12 feet wide, 10 feet 
high, — and rests upon four smaller blocks. The entire assemblage rests 
on stratified sand: hence it was moved to its present position at the time 
of the melting of the ice. It is represented in a heUotype. 

Ordination Rock. This is in Tamworth, west of the centre village, 
and has a flat top, reached by artificial steps, and is surmounted by a 
monument. It is 30 feet long, 30 feet wide, 13 high, and composed of 
Conway granite. It came from the north or north-east. 

Flume Boulder. The photograph of the boulder suspended over the 
Lincoln flume. Volume 2, page 157, illustrates far better than words how 
this fragment happened to be caught, and now serves the useful purpose 
of keeping the walls of the chasm apart, and of affording amusement to 
thousands of summer visitors. No further description is needed above 
that already given. 

Waterville. Several large boulders must be added to the list of 
attractions for this locality. Near Greeley's are some 8 feet high, of 
the celebrated ossipyte. Near Mad river are large granite blocks. The 
largest is just above the mouth of Greeley's Branch, or at the Swasey- 
town falls, 43 feet long, 25 wide, and 20 high. One lower down is 33 
feet long, 27 wide, and 25 high. They are of Conway granite. 

Other Large Boulders. 

On crossing from Moultonville, in Ossipee, to the sources of Lovell's river, we ob- 
serve a fragment of Conway granite near the height of land, 30 feet long, 27 feet wide 
18 feet high at the south end, and 10 feet high at the north end. There are no ledges 
VOL, in. 35 
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near by, so that it has very likely been brought here from the valley north, and trans- 
ported up hill, 200 feet of verlical height. 

In Hanover, upon the west flank of Moose mountain, east of E. Wright's, is a boul- 
der of hornblende schist zz feet long. 12 wide, 16 high, from which a considerable 
piece has been separated by frost. It may have travelled less than a mile. A boulder 
of Vermont granite, perhaps half the size of (he foregoing, is said to have been taken 
from the lop of Moose mountain and made into monuments for the cemetery. On 
Gen. Jackman's farm in Bath, there was, a few years since, a line of large Huronian 
boulders averaging iz feet through, arranged like a lateral moraine. The first cucum- 
bers seen in Bath were raised upon the top of one of them. Near Jones pond in Ray- 
mond is a boulder of twisted gneiss 30 feet long, 25 feet wide, 22 feet high at one end, 
tapering to 8 at the other. In this neighborliood, Raymond, Epping, Nottingham, 




/^^ .r-i^-«^ ,- ' ji-;--. ".'■ : 

Fig. 57.— Great Rock in Wentworth. 

similar large boulders are frequent. Those derived from Pawluckaway are quite no- 
ticeable for twenty miles to the south-east. Several large ones are located upon Gov- 
ernor Prescott's farm. South of the station at Raymond is a boulder of white quartz, 
transported several hundred feet, 48 feet long, 39 wide, 24 high (30 feet at one end), 
with two pine trees on top, one 16 inches in diameter near the base. This compares 
favorably in size with some of the Nottingham examples. Near Brackett's station in 
Strath am are two sienite boulders, each averaging twenty feet in three directions, that 
have come two or three miles. Near Bronson's house in LandafF are boulders of 
conglomerate 30 feet in each of the three dimensions. They probably came from 
some undiscovered layer not far distant. 
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Fig. 57 represents Great Rock in Wentworth, witli Mt. Carr in the 
persons seated upon the summit illustrate the size of the bouider. 

In the west part of Fremont are a great many boulders, each from 1 
The same is true of many other portions of Rockingham county, as 
junction, on Clyde hill, where mention is made of one weighing 500 tons. 

Rocking-Stones. 

When large boulders are left on ledges they may be so evenly bal- 
anced that a slight effort only is needed to make them oscillate. Such 
cases as have fallen under my notice are the following : 

On Shirley hill, GofFstown, just east of Uncanoonuc, there are two. 
One of them is 8 feet high and 42 feet in circumference. The dimen- 
sions of the other are not stated. With them is a third large stone. 

Governor Prescott speaks of a rocking-stone upon Mt. Fawtuckaway. 
Seneca A. Ladd, of Meredith village, informs me of the existence near 
his residence of a small rocking-stone. 

Up Corey hill in Hanover, ha!f a mile east of Dartmouth college, is 
a rocking-stone 12 feet long, 10 feet wide, $i thick, containing about 480 
cubic feet. Its of Bethlehem gneiss, and has been transported only a 
short distance. 

On a high hill, about a mile west of Newport village, is a rocking-stone 
weighing not far from 25 tons. It is about 9 feet high, egg-shaped, and 
stands upon its larger end. 

Upon Russell Clifford brook in Warren there is said to be another, of 
these stones, with a tree growing on the top. 

Boulders on top of kigh mountains. Those on Mt. Washington have 
been mentioned ; see page 208. On top of Dixville mountain is a boul- 
der of hornblende rock 5 feet long. Has travelled several miles. Can- 
non mountain shows a porphyritic gneiss block 4 feet in all directions, 
which may have come from Bald mountain, about two miles distant, and 
been elevated 1650 feet. Mt. Kearsarge exhibits a great many boulders 
of the same material, 5 feet long, that have been elevated more than 
those on Cannon. Granite boulders are common on the top of Moosi- 
lauke ; also, Bethlehem gneiss, Lisbon Huronian, Montalban mica schist 
Coos quartzites, besides the common rocks of the mountain. Of these, 
the Montalban may have come from the north, Essex county, Vt., forty 
miles away; the Huronian not necessarily more than twelve miles 
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the quartzites a less distance. The origin of the Bethlehem gneiss is 
not clear; — i£ from west of north, it may have come from the north part 
of Haverhill, ver}' near. If the current west of south brought any ma- 
terial to the summit, the boulders would naturally have come from Beth- 
lehem, less than twenty miles away. Upon Mt. Lafayette are many 
boulders of the darker variety of Bethlehem gneiss, derivable either from 
the east or west of north. A fine-grained granite, Huronian hornblende, 
and gneiss occur about fifty rods below the top. Forty feet below the 
top, on the south side, is a boulder of porphyritic gneiss. None of them 
are necessarily great travellers, say twelve or fifteen miles from the 
north or north-west. The Sugar Hill staurolite is found at the Eagle 
lakes, indicating six miles travel to the south-east. This is different 
from the striEe on the mountain, which runs west of south. Both forces 
must have operated here. At the first tank on the Mt. Washington Rail- 
way, say 3,000 feet altitude, are stones of Essex county, Vt,, pargasite 
and delicate staurolite; at least, no other localities of these minerals are 
known, a distance of twenty-eight miles north-west. At the third tank, 
5,800 feet, are pebbles of Lancaster or Huronian rocks, that have come 
nearly twenty miles. Near the top of Mt. Madison are handsome gran- 
ite boulders, of such material as occurs a few miles northerly. On Red 
hill, Moultonborough, are fine-grained granite, probably from Waterville, 
black mica schist like that of the Coos group, trap, hornblende, Montal- 
ban and Lake gneisses, all in place near by, except the second, which is 
unknown short of forty-five miles to the north-west. Mt. Mote shows 
slate from the upper Saco valley. From Mt. Chocorua I obtained a spark- 
ling mica schist, which may have come either from the north-west or 
the north-east. Lovell's mountain in Washington shows mica schist and 
gneiss boulders, which cannot be definitely located. On top of Mt. Ascut- 
ney are argillaceous schist and Huronian diorite pebbles, the first from 
the north, the second probably, not necessarily, from the same quarter. 
On the top of the north Twin mountain are boulders of Bethlehem 
gneiss from the north-west, ten to fifteen miles. The slide on the north 
side has many Huronian fragments, that have come about twenty miles. 
Cherry mountain summit shows Bethlehem gneisses from Jefferson, the 
next town. There are boulders of porphyritic gneiss on top of Mt. 
Gunstock. 
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Miscellaneous Items. 



A few other facts concerning the dispersion of drift and other glacial 
phenomena are worthy of preservation, althongh it is not possible to 
state them systematically. I have placed several hundred specimens 
of boulders found in various parts of the state in the Hanover mtiseum, 
properly catalogued, so that it may be consulted by those who wish to 
verify the statements of this report, or obtain hmts of facts not alluded 
to in it. Many of the specimens represented strange information at 
the time of the collection, not now valuable except as illustrating the 
fact of dispersion. Others are from noted boulders, or collected upon 
the tops of mountains, or represent the supposed underlying rock in 
the absence of ledges. 

On the west slope of Gardner's mountain, near Hunt's, arc boulders of the Craftsbury 
concretionary granite (petrified butternuts), iviih ordinary granite and hornblende rock 
from Vermont. 

In West Littleton are two houses (Wheeler), and others in Lancaster, built of the 
Vermont granite brought to New Hampshire by glaciers. 

Mt. Carmel in Pittsburg, as seen from Dixville mountain and Mt. Washington, pre- 
sents a good esample of a large eminence rounded on the north-west by the ice striking 
it, and rough on the lee side where the force of the ice had abated. 

Between North Lisbon and Streeter pond a mass of till more than loo feet thick has 
been cut tlirough by the south branch of the Ammonoosuc, and fine sections are ex- 
posed upon it. Ledges are scarce near the river. 

Rocks full of segregated veins weather unequally, often affording curious shapes. It 
is quite common to see these stones placed in conspicuous positions upon walls or in 
dooryards by the farmers, who take pride in their exhibition. The siliceous limestone 
of the mica schist, the finer-grained sienites, and the segregated veined variety of 
(Lake) gneiss afford the best examples of this erosion. I recall ejcamples in Bath 
and Center Harbor, resembling piano-stools and mushrooms. 

The importance of soapstone has led to noting the position of boulders of it in cer- 
tain parts of the state. Those in Pelham, Keene, and at Island pond in Hampstead, 
have not been referred to their source. The original bed is yet to be discovered. In 
New Boston, by the school-house west of S. Dodge's, are several large boulders, dis- 
tant about four miles in the direction S. zo° E. from the bed on Mt. Misery, Weare, 
their probable source. The same occur in Weare. at the south foot of Mt. Misery, 

Serpentine boulders are common but not abundant in Keene, One in Walpole 
weighs about 350 pounds. 

The numerous gneissic boulders in West Epping led to the discovery of a small area 
of this formation in the Lamprey river. 
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There is an enormous quantity of porphyritic gneiss boulders about the village of 
Northfield, Mass. Until otherwise proved, tliey may be supposed to have been trans- 
ported ftorn the area of this ancient gneiss in Winchester by the Connecticut valley 
glacier. It is also interesting to note the derivation of the Triassic conglomerate. The 
largest constituent is an oval-shaped piece of granite. Several are two feet long ; the 
rest are smaller. Twenty-nine specimens represent these pehbles in the museum. They 
all came originally from the formations to the north-east and north,— none from the 
west side of the Connecticut. The most abundant are the Montalban schists and gran- 
ites. Others are the Vernon gneiss, hornblende schist, Coos schists and granites, and 
several varieties of quart! from veins. 

Boulders of sienite occur al Freedom village, whose origin is unknown. On a high 
hill in Eaton are boulders of black quartz porphyry, probably from Albany, twelve miles 
north-west. At the east line of Madison are samples of Albany granite and fine-grained 
sienite from the same region. At the outlet of Newichwannock lake are black porphy- 
ries from the Ossipee mountains to the west, presumably. 

In Center Harbor, between Squam and Winnipiseogee lakes, also further south, are 
many large pebbles of Huronian and Coiis rocks. Assuming them to have come down 
Baker's river, they have travelled 40 miles. With them are pieces of the Caleiferous 
mica schist limestone, seen also on Mark's island and in Grafton. These two travelled 
at least $0 miles. 

At the sea-shore on Cape Elizabeth river are numerous glaciated pebbles of a por- 
phyry like that of Mt- Pleasant in Bridgeton, or Burnt Meadow mountiin in Brown- 
field, about 40 miles north-west. 

At Littleton, west of the village and near Echo lake, Franconia, are pebbles of anda- 
lusite mica slate, with acicular crystals, like a rock in Granby and Victory, Vt. The 
course would have been only a few degrees east of south. 

Handsome porphyritic gneiss occurs on the east line of Effingham. Its source is not 
clear, whether from the small Albany and Chocorua range, or from the north-east in 
Maine. The same rock in Haverhill probably travelled west of south from the Wing 
Road neighborhood. 

A piece of clay slate in Lyndeborough, if from the north-west, travelled 42 miles. 
Mr. O. E. Randall has shown me pebbles of red sandstones, like that of the Potsdam 
west of the Green Mountains, picked up in Chesterfield. These are hke those men- 
tioned as occurring commonly about Hanover, page 260, — the distance probably 
greater — 75 or 80 miles. 

About two miles up Imp brook in Bean's Purchase, almost under the very counte- 
nance of the Imp, are loose blocks 50 to 60 feet long. Between Mts. Pleasant and 
Franklin are many granitic boulders, brought up from the Ammonoosuc valley beneath, 
10 feet square. Jasper pebbles are common about Connecticut lake and Stewartstown. 
They probably came from Canada. The same occur upon Mormon hill in the north- 
east corner of Lyman. There is in the lower part of Hinsdale village a boulder about 
as large as an old-fashioned school-house, of which the traveller will see many in the 
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hill towns. There is a multitude of large boulders in Franco ni a opposite the Valley 
house. They cover acres of land, some of them being 20 feet long. On top of Flume 
mountain is a boulder 25 feet long, 15 wide, and 12 high. Near Fifield's house in, 
Thornton, on the east side of the Pemigewasset, is a boulder averaging 30 feet in each 
of ihe three dimensions. At the south part of Rattlesnake hill, Concord, is an uncom- 
mon amount of boulders of granite, whose dispersion must have been due to the ice. 
Near GOmanton Iron Works, I found boulders of quartzite precisely like that of the 
Coiis group from Moose mountain, Hanover, to Cuba, etc., 6 by 3 by 3 feet. The dis- 
tance from here lo the Cuba range, north-west, is nearly 50 miles. We have preserved 
samples of glaciated stones taken from the drift overlying the inter-glacial clay at the 
Weirs and in New Hampton. A block at Weirs is 6 feet square. On the Isles of 
Shoals are boulders that have come from the main land. On the south part of Cho- 
corua are granite boulders 4 feet long, and bits of porphyrltic gneiss 18 inches across. 
On the west side of Kimball hill, in the edge ofWhitefield, are boulders like the Beth- 
lehem gneiss, perhaps brought there by the glacier described by Agassiz. There is 
also a moraine of the Aramonoosuc glacier, not mentioned above, below Bethlehem 
HoUowr. In North Lisbon are bits of Albany granite, 5 inches in diameter, brought 
down by the glacier. 

In Drooktield are numerous boulders of a siliceous limestone, such as crop out in a 
single ledge in Wakefield, and abundantly in Newfield, Maine. These boulders are 
very numerous in Newfield, and they occur on Copp's Hill, Wakefield. Observations 
do not demonstrate the absence of ledges of this limestone in our state, but the ques- 
tion is raised whether these blocks have not been transported in a south-west direction. 
There is a probability that, when studied carefully, a south-west distribution of boulders 
will be indicated for Oxford and Carroll c 



Boulders in Sand. The Portland & Ogdensburg Railway has made 
considerable excavation in the surface deposits between the Notch and 
Fabyan's, which illustrates the nature of the till and modified drift. At 
the Crawford house is the first excavation, 1,320 feet long and 20 feet 
deep at the middle, made through one of the river moraines described 
00 a previous page. The material came down Cascade brook from the 
west. It is entirely stratified, though the materials are coarse, as is 
shown in our heliotype illustration of it. The swell of land crowned by 
the Crawford house is made by this gravel deposit meeting the till of the 
cast side of the valley. 

After proceeding 864 feet beyond the gravel cut, there are excavations, 
mostly on the upper side of the track in an ice drift, extending for 408 
feet, where the nearest point to the Saw-mill pond is reached; then there 
is another small cut through the same material for 216 feet. After this 
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is a fill of 120 feet. Then follows the cut figured in our heliotype, with 
the title Ice-drift over sand printed on a railroad tie. It is a compact, 
unstratified mass of rubbish, the stones consisting mainly of the Mont- 
alban granites and schists common in the neighborhood, overlying layers 
of sand, as shown in the illustration. The material appears to conform 
to the surface of the ground, being just as thick in the depression as over 
the elevations. This earth is evidently some form of ice accumulation; 
it is not water-worn gravel, nor does it correspond to either of the tills. 
It approaches nearer to the coarse gravel at the Crawford house than to 
any other class of deposits known in the state, but is unlike that, in the 
common absence of stratification and the angularity of the fragments. 
Its association with the sand about to be described may intimate the 
presence of a mass of ice in the neighborhood in the time of local gla- 
ciation. 

The rest of the cut just entered into extends for 336 feet. It is com- 
posed of sand, with some large stones in it, underlying the angular drift, 
as seen in the illustration. The strata dip southerly underneath the ice 
drift, and at the north end of the cut they dip northerly to correspond 
with the depression of the surface, 120 feet wide, crossed by the railroad 
upon an embankment. Next is another cut in the sand 264 feet long, 
showing boulders in it, and depressions to correspond with the surface 
of the ground. After an embankment 528 feet long, succeeds another 
cut in the sand of 384 feet length. From a point in this excavation, 
about 4,300 feet north of the Crawford station, was taken the heliotype 
illustration entitled Boulder in sand. The fragment may be six feet 
through, composed of bright granite as fresh as if uncovered yesterday, 
and of the same character with the adjacent ledges. Horizontal strata 
of sand underlie it, while the layers are slightly irregular about it, as 
would naturally result from the varying velocity of the current striking 
against the stone. The layers above are regular, and conformable with 
those beneath. This is therefore a clear case of a mass of stone too large 
to have been pushed by the current of water, nevertheless brought to 
this spot by some agent and dropped as readily as if it were a grain of 
sand. There must have been water deep enough to float ice carrying 
this stone upon it; and owing to a change in the equilibrium of the berg 
at this point, the granite fell to the bottom, and lies in a condition of 
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repose, not unstable like the rocks in the lower till. There may be 
twenty other examples of large stones of similar origin in the (,2oo feet 
of excavation passed through north of the ice drift mentioned. The con- 
ditions involved by the facts seem to be the presence of thick masses of 
ice upon the sides of Mt. Tom sliding down like glaciers, and carrying 
detritus, together with the existence of very much water, — possibly a 
glacial lake almost as high as the Crawford house, — into which the bergs 
loaded with stone floated, after being dissevered from their source, and 
dropped their burdens. The waters continuing to flow, layers of sand 
and other debris covered up the dropped fragments until the supply 
ceased. As these deposits are situated upon the surface of the ground, 
they belong to the close of the ice period, and must have been formed 
by local glaciation. If the railroad be followed to Fabyan's, three or four 
miles further, there will be seen a constant repetition of phenomena sim- 
ilar to those just described. The same is true of the excavations in the 
White Mountains Railroad below the White Mountain house, and be- 
tween Fabyan's and Ammonoosuc. A cut through "Winding hill," near 
the "Base" on the latter route, shows coarse boulders, probably glaciated 
at the bottom, capped by stratified layers somewhat ferruginous, suggest- 
ing the lower and upper tills of other parts of the state. 

The sand deposits east of Fabyan's have large stones resting upon 
them, obviously brought there at the same time and in a similar manner 
with those just described. The valley of the South Branch also exhibits 
fine examples of kames, which seem to have been contemporaneous with 
the sand, and produced by the same glacial currents. 

Other examples of boulders lying in or upon sand have been mentioned, 
upon pages 89, 105, 107, 117, 162-163, ^tc. Notable instances are also 
just below the Glen house, the Bartlett boulder, at North Lisbon on the 
new Franconia road, and east of Rock Rimmon in Manchester. 

Shapes of Glaciated Boulders. 

By far the most common shape of glaciated boulders is that of a 
rounded trapezoidal prism, whose longer sides do not vary much from 
parallelism to each other. One such is figured in the heliotype showing 
boulders from Hanover. lu this the ends are rather sharper than is 
common. Perhaps half the thoroughly glaciated stones have such a 
VOL. III. 36 
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shape. Of these the four longer sides are usually striated parallel to 
each other. 

My attention was called to this as a typical shape by examination of 
certain large striated boulders. In 1S56, a boulder of red sandstone was 
exhumed in Amherst, Mass., 6i feet long, $i broad, 2i thick, having 
strias upon the four longer sides parallel to each other.* This was de- 
scribed as something unusual. I found in Quebec, a few years later, 
similarly striated boulders somewhat larger; and in the glacier de 
Bossons in Chamouni, at the foot of Mt. Blanc, I noticed the same trape- 
zoidal figures in a very large stone, 40 by 27 by 12 feet in its dimensions. 
It was striated on the same four sides as the others, and had the ends 
rough. It lay just below the ice, with its longer axis parallel to the 
course of the glacier. Since that time I have always observed the shape 
of glaciated stones, and think the majority have the same form with 
these that I have mentioned. Originally rough, and possibly somewhat 
rectangular, they have been both ground down and striated by the slid- 
ing over them of the glacial ra.^p, or have been themselves fastened into 
the foot of the ice, and ground over other stones and rocks. After miles 
of scouring, the largest boulders might be worn symmetrically to the size 
o£ pebbles. On scrutinizing the shapes of stones in the till, one can fre- 
quently find various stages of this process preserved. In Derry and 
Salem I noticed a large number 
of flat stones, of which only one 
? side had been smoothed. Let the 
circumstances be changed so that 
these boulders be turned over, and 
the present upper rough side will 
be glaciated, and the whole be- 
come symmetrical. A few have 
several faces upon them, as if they had been fastened in the paste several 
times. Fig. 58 shows a glaciated stone in Moultonborough, striated in 
the usual way, and also by a second set fdj across the preceding. It is 
30 inches long, 14 thick, composed of trap, and lies by the roadside upon 
a mass of till. 

A more interesting case has been partially preserved in the Hanover 
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museum. About two miles north of Norwich village, Vt., on the road to 
Copperas hill, is a hill thirty feet high, of lower till with innumerable 
glaciated stones cemented by boulder clay. One of a micaceous argillite 
may weigh 1500 pounds, perhaps five feet in length, of the typical trap- 
ezoidal shape, except it is narrower than usual. The longer axis points a 
little east of south, as the stone lies in the bank. The under surface and 
the sides are striated parallel to the longer axis, but the upper surface 
bears very plain marks at right angles to those beneath. I was able to 
preserve only a piece of this boulder, showing the upper surface and the 
beginning of the lower strias at right angles to them. The boulder 
proved larger than was expected, so that I could not transport it entire 
to Culver Hall, 

A common variation in shape is the elongated narrow one, a prolate 
spheroid. Geikie, in his work on the Great Ice Age, figures four striated 
stones from Scotland, three of which clearly possess the typical shape I 
have mentioned, while the fourth is blunt at one end and pointed at the 
other, — a form also seen with us. These stones show the same features 
the world over. Argillaceous boulders best preserve the glaciation. 

Surface Deposits at Portland, Me. 

The relations of the two varieties of till to the Champlain gravels are 
not exhibited in any outcrops yet discovered in New Hampshire. A 
familiarity of long standing with the fossiliferous clays and the drift of 




Fig 59 — Section in Till Portland 



Portland, Me., led me to think the question of relative position well 
shown there; and upon examination I discovered that the fossiliferous 
beds occupied a place midway between the two kinds of till. Numerous 
excavations have made the sections in the till and sands perfectly satis- 
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factory, so that the mutual relations of the three deposits, as displayed 
in Fig. 59, may be regarded as fixed beyond controversy. The massive 
beds overlie the lower till, and are covered by the upper till. These 
facts indicate the deposition, first, of the ferrous glaciated till; second, 
its submergence to at least lOO feet below the present level; third, the 
readvance of the ice-sheet so as to cover the Champlain beds; fourth, 
the melting of the ice, and the falling down of the dtSbris held in suspen- 
sion in it The formation of the upper till does not necessitate a sub- 
mergence, as I have insisted in previous publications. That these posi- 
tions may seem well sustained, I will state the most important facts 
observed about Portland. 

The city is situated upon a promontory, or, practically, an island, with 
a north-east trend parallel to the coast. The island has two elevations, 
150 and i5o feet above tide water, and at the remoter ends the extreme 
edges slope very sharply to the water's edge. The eastern elevation is 
Munjoy's, and the western Bramhall hill, and between the land sinks to 
60 feet along the lowest ridge. These two hills consist of the two kinds 
of till ; and each is environed by the Champlain deposits, which cover 
most of the lower area in the middle. These attain an elevation of about 
100 feet; and the ocean must have stood a few feet higher, unless the 
character of the fossils in the lower clays — pelagic forms — necessitated 
a submergence of 300 feet. In that case, Munjoy's and Bramhall hills 
would have been deeply buried by the waters. 

Munjoy's hill has been excavated in a multitude of places, showing an 
upper till, from 3 to 10 feet thick, as clearly defined and distinct from the 
lower deposit as at Boar's Head. Boulders from 3 to 4 feet in diameter 
occur upon the surface, and are of the gneissic, granitic, and schistose 
rocks common from four to ten miles to the north-west. Fig. 59 repre- 
sents a cutting between North and Washington streets, and may be 
taken as a sample of excavations on that side of the ridge. Along North 
street for half 3 mile is a continuous exposure of the two kinds of till. 
Upon both sides is a cut 25 feet deep. The larger stones are all under 
or at the surface, but they are not striated. The lower deposit is com- 
pact, the stones of small size, and all glaciated and transported a greater 
distance than those above. I found pebbles of the White Mountain por- 
phyries and sienites among them, indicating a carriage of 50 miles. The 
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other hill in the west part of the city is broader, and no excavations of 
consequence are visible. The surface deposit is altogether that of the 
upper till, and identical with that on Munjoy's. The coarseness of this 
deposit has led to its reference to the usual glacier drift by many geol- 
ogists; but I think its proper place is now found by a reference to the 
upper till. A few have regarded the fossUiferous deposits as of Tertiary 
age, because the upper till overlies them. It is very easy to see how 
such a mistake could be made, if the distinction between the upper and 
lower tills is overlooked. 

An examination of the Chaniplain deposits shows they do not occur 
upon the tops of these hills, but encircle them, and in strata dipping 
quaquaver sally outwards. Fig. 59 is chosen from a locality where Mr. 
C. B. Fuller found mussel shells lying in a position analogous to that 
assumed by the living animals. The siphon-holes above them still re- 
mained, where sand had silted into them from above. Such specimens 
could not have been transported by waves. A list of all the known 
fossiliferous localities is the following: 

Along east side of Munjoy's hil! for 400 yards between Eastern promenade and the 
Grand Trunk Railway. 

Portland Company's works, St. Lawrence street. 

Adams street. 

Between Fore street and the cuslom-liouse. 

Cove on Washington street opposite north end of race-course. 

From this point to Fox street. 

Between Washington and North streets. 

la an old pit on Congress street above Mountfort street. 

Almost anywhere north of Congress street between Alder and Anderson streets. 

Congress street north of reservoir. 

Old slide next canal, described by Prof. E. S. Morse. 

For 200 yards at the foot of Emery street. 

Knightsville, — nodules containing shells, iish, etc. ; very abundantly in Deering, 
Woodstock, Cape Elizabeth, and islands in Casco bay. 

A Ust of the fossils found about this city by Mr. Fuller embraces 5 
vertebrates, 31 Crustacea, 3 annulosa, 55 mollusca, 2 echinoderms, and 26 
foraminifera, — 121 species in all. Undoubtedly every one of these creat- 
ures lived at the same time in the New Hampshire waters, only a few 
miles distant, where the facilities for their preservation did not exist. 
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These animals were not exactly the same with those now living on our 
coast, corresponding better with those living farther north. The best 
writers name three different groups for the eastern American coast. 
The arctic fauna is at present confined to the limits of North Greenland, 
and about the pole at the isotherm of o° C. This is succeeded by the 
Labrador or Syrtensian fauna, extending now as far south as to the mouth 
of the Bay of Fundy. Our present New England or Acadian fauna ex- 
tends from the southern limit of the Syrtensian to Cape Cod, and also 
appears in several places above the lower limit of the latter. The lower 
British Provinces exhibit one or the other of these faunas according to 
the presence of the polar current or the influence of the Gulf stream. 

The fauna of Portland in the Champlain period corresponded to the 
Syrtensian, or the colder one. It seems to have extended as far south 
as Gloucester or Cape Ann. The northern limit of the Acadian fauna 
during the same period was near Point Shirley, Winthrop, Mass. Thus 
■ the glacial cold was sufficient to bring the boreal Ufe two and a half de- 
grees farther south than it is found at the present day. 

A list of all the Champlain fossils known to occur in New Hampshire 
has been given upon page 165. The whale's vertebra, cited from Som- 
ersworth, must be eliminated from the list. An inquiry into its authen- 
ticity has indicated that the specimen did not come from the locality 
specified upon the label. 

The Gbound Moraine. 

The common masses of drift scattered over the state are known typi- 
cally as ground moraine, such as is accumulated beneath glacial ice. 
The Scotch word for the material is till, which is adopted in this report 
to signify the ordinary unstratified glacial accumulations. For reasons 
derived from the Manchester exposures, this term is preferred to a com- 
mon one of boulder clay. The sub-divisions of it have been defined 
upon page 9. We accept the theory there stated, that the lower till is 
the proper ground moraine, and the upper ferruginous division is derived 
from the melting of the ice-sheet. 

Recent studies reveal the existence of curious lenticular-shaped 
mounds o£ till, some of quite large dimensions. These proved so inter- 
esting that Mr. Upham was asked to devote a season in studying them. 
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He will shortly present the results of this examination, and color upon 
the map of Surface Geology their geographical positions. No feature 
of our drift moraines is so striking as this, and it is singular that pre- 
vious authors have almost universally overlooked or misunderstood it. 

The question has been put to us, As New Hampshire has not been 
submerged since the Helderberg period, and there may have been other 
periods of cold besides the one called par excellence the glacial drift, why 
do we not find moraine accumulations of the earlier ones ? I think we 
have abundant evidence of a Triassic glacier in Massachusetts, formed 
of materials partly derived from New Hampshire. The stones of the 
Mt. Mettawampe conglomerate are too coarse to have been moved by 
water alone, and the stones have a glaciated appearance. As there 
seem to be no rocks in our state analogous to the Triassic conglomer- 
ates, we may say, with assurance, that if any glaciation occurred previous 
to the post-tertiary, it could not have antedated the New Red Sandstone. 
It seems probable that Tertiary glaciated beds would be characterized by 
features quickly discernible, and not easily confounded with anything 
else earlier or later. 

But certain beds are brought to our notice, which seem to antedate 
the lower till. The best known is represented in Fig. 60. A railroad 
cut in South Lyndeborough, 
two miles west of the station, 
exhibits three layers in the till. 
The top is the familiar loose 
ferruginous earth, such as uni- 
versally covers the ground- 
moraine. Next, b, is a good 
example of the lower till, full of glaciated pebbles, porphyritic and granitic 
gneisses, mica schist, etc, 5 feet, and in one case 6 feet long. The lam- 
inated appearance arising from compression is clearly defined. Beneath 
this is a coarser mass, reaching to the bottom of the cut, so very com- 
pact that a pick had no effect when struck into it by the workmen; only 
gunpowder or a stronger explosive could excavate it, and it was neces- 
sary that the holes should be bored horizontally near the surface to be- 
come effectual in removing the earth. There is nothing visible in the 
earth itself different from the lower till above it, save that the compo- 



Fig. 60.— Section i 



Till, Lyndeborough. 
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nents average coarser. This hardpan is certainly prior in age to the 
lower till; but that circumstance may not compel us to call it Tertiary. 
If length of time is requisite for the induration of till, this hardpan should 
be much older than the common moraine. There is nothing of signifi- 
cance in the shape of this earth heap. It is not as conspicuous as a 
small lenticular hill. After the access of air to the lower deposit, its 
great induration disappears. When it is well exposed to rain, water 
mixes with it, making a compound that will flow readily down a slope. 

A case similar to this is in Pittsfield, midway between Webster's mill 
and the village. The railroad excavators had the same experiences that 
have been narrated for Lyndeborough. Gov, Prescott informs me that 
similar experiences befell persons endeavoring to excavate the earth for 
a well near his residence in Epping; and recently I found the same 
story told of drift in Amherst, Mass., and Hartford, Conn. The exam- 
ples may multiply, and eventually furnish us the answer to our question 
as to the peculiarities of their origin. 

Drift in North Con w a v. 

As an example of the aspect of the difference between the ordinary 
tin and the modified drift, I would refer to the accompanying heliotype, 
illustrative of these two deposits in North Conway where the road 
crosses Artists' Falls brook, near the Macmillan hotel. To render the 
sand more distinct, a faint brown color is employed to show its limits. 
It is about 10 feet thick, forming about one fifth part of the exposure. 
There are boulders in the till here about a yard in diameter. The sand 
of North Conway is usually widespread, but very thin. Quite a large 
mass of it, as long as a small lenticular moraine, occurs just to the south 
of the stream opposite the hotel. This is the position from which the 
fine view of Mt. Pequawket, employed for the frontispiece of Volume II, 
was taken. 

Plant Rblics of thb Gluciai, Pbbiod, Full desctiptior? of Ihf Hudson's Bay and GrccnUnd floras 
now ciisling In Ihi WhiLe Mountains have been prcsenled in Volume I, pp. 391 and 563. No beiierai^nment 
10 show ihfll an arclic climale onoe existed in New Hampshire ihan Ihe presenct of these planls, as well as the 
corresponding insects detorihed in Ihe same volnme, Chapter XII, can be adduced. They also imply ihs cor- 
rectness of the glanial instead of the Iceberg theory of Ihe drill, and also Ihat Ihe cold conditions spread them. 



Hosted by 



Goosle 




Hosted by 



Goosle 



Hosted by 



Goosle 



GLACIAL DRIFT. 28$ 



The Distribution of the Tii-l. 



Before the glacial period, the rocks of New Hampshire had been 
through long ages subjected to the ordinary disintegrating agencies of 
rain and frost. The loose material derived from this source was doubt- 
less spread with considerable evenness over the surface, collecting to the 
greatest depth in valleys, while on ridges or hill-tops it would be thin or 
entirely washed away. Except where it had been transported by streams 
and consequently formed stratified deposits, the only fragments of rock 
held in this mass would be from underlying or adjoining rocks. 

Through this time temperate or tropical climates generally prevailed; 
but it also seems probable, if the causes of the glacial period have been 
rightly made to depend upon great eccentricity in the earth's orbit, that 
these genial conditions were at times interrupted by prolonged cold and 
the accumulation of slowly-moving ice-fields similar to the immense gla- 
ciers of Greenland and antarctic lands. Scarcely any hint, however, has 
been obtained in a ful! survey of our territory respecting these events, 
all records of which appear to have been erased by the last great ice- 
sheet, which pushed from the north and north-west straight forward over 
all the hills and mountains of New England, terminating beyond our 
coast-line. The beds which had been derived from long-continued de- 
composition of the ledges or gathered by previous glacial action, together 
with the thick fluviatile deposits that probably occupied the valleys, were 
ploughed lip by this ice-sheet, and thoroughly kneaded with each other. 
Very large amounts of detritus were also added from erosion of the rock- 
surface. Fragments of all sizes and in great profusion were loosened 
and wrenched away, while the ledges were everywhere worn and striated 
by boulders and pebbles which were rolled and dragged along under the 
vast weight of ice, breaking up and grinding themselves and the under- 
lying rock into gravel, sand, and even the finest clay. 

At the end of the glacial period, the material which had been thus 
gathered, mingled and swept along by the moving ice, was left in three 
different classes of deposits, namely, modified drift, upper till, and lower 
till. The first and second of these appear to have been held in the body 
of the ice-sheet, principally in its lower portion. At its final melting, it 
VOL, in. 37 
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has been shown that the modified drift was swept into the valleys, while 
the upper till, which escaped this erosion, fell loosely upon the surface, 
forming an unstratified, confused mass of boulders, grave!, and sand. 

The characteristics of this upper division of the unmodified glacial 
drift are, — the large size of its boulders, which are usually abundant, be- 
ing often from five to ten, and sometimes twenty or thirty feet in diame- 
ter; the angular form of these blocks, as also of smaller fragments, which 
have seldom been worn or rounded except by the weather; the occur- 
rence of much of its iron in the form of sesqiiioxide, giving a yellowish 
or reddish color; and the comparative looseness o£ the whole deposit. 
Its thickness is quite variable, being commonly one to five feet, but 
sometimes reaching to twenty feet or more. This upper till generally 
forms the surface throughout the state, the only exceptions being tracts 
of valley or lowland, where it is covered by beds of modified drift, and 
frequent small areas, varying from a few square rods to several acres, or 
sometimes, especially upon mountains, perhaps hundreds of acres in ex- 
tent, where scarcely any superficial materia! rests upon the ledges. 

The lower till is distinguished by its smaller rock-fragments, which are 
commonly less than two feet in diameter, and often consist of pebbles 
not exceeding half this size, though occasionally it also contains large 
boulders; by the glaciated form of many of these stones, which are fre- 
quently marked with stri^; by the usually clayey detritus, in which they 
are held; by its darker and frequently bluish color, due to the imperfectly 
oxidized state of its iron; and by its very hard and compact structure 
without stratification, boulders, pebbles, sand, and clay being indiscrim- 
inately mixed, but at the same time showing traces of lamination, or per- 
haps cleavage, in planes parallel to the surface, usually noticeable wher- 
ever a section has been for a short time exposed to the weather. All 
these features indicate that this division of the drift was accumulated 
beneath the ice as its ground-moraine. Rough and angular boulders, 
pushed along under the glacial sheet, were worn to small size, having 
their sides planed off and striated ; and in the same manner gravel and 
sand were pulverized to clay. Secluded from air and water, the iron 
remained in the protoxide combinations which it had in the solid rocks. 
Analyses of upper and lower till from Alton, by Mr. Hawes, show the 
following percentages ; 
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Upper till. Lowfi .ill. 

Iron protoxide, 1.42 1.75 

Iron sesquioxide 1.56 0.006 

These samples were taken within a foot of each other, close to the line 
of contact of the two deposits. The hardness of the lower till, which 
requires it to be loosened by a pick before it can be shovelled, mak- 
ing its excavation cost two to four times as much as that of the upper 
til!, appears to have resulted from the immense pressure of the ice. The 
imperfect lamination, which has been commonly observed in exposures 
of the lower till in New Hampshire, may be due to the same cause, but 
more probably to its accumidation by a gradual increase of depth. It 
seems to show that the ice in its passage added new material to the sur- 
face of its ground- moraine, which generally lay undisturbed below. 

The distribution of the lower till is quite irregular, being much less 
uniform than that of the upper till. It occurs in all parts of the state, 
but is often wanting, and probably does not occupy more than half of its 
area. It is most commonly spread in flattened sheets, which may be 
nearly level, or inclined upon the flanks of hills or mountains. In the 
northern part of the state and among the White Mountains, the unmod- 
ified glacial drift often forms the slopes or rests upon the tops of the 
highest ridges. Its distribution seems to have no reference to the alti- 
tude or configuration of the land. The summits on the highland boun- 
dary between New Hampshire and the province of Quebec, as near Lake 
Magalloway and Mt. Prospect, near Third lake, are described by Mr. 
Huntington as principally covered with till The same is true of the 
top of Moosilauke, 48 ii feet above the sea. Strias show that the ice- 
sheet moved over these elevations from lower areas at the north-west, 
where a large part of its drift was probably collected, to be carried for- 
ward and deposited at a higher level. The summit of Mt. Washington 
is covered by debris (described on p. 205), which seems to correspond to 
the upper and lower divisions of the till. 

Lenticular Hills. In the south part of the state, the glacial drift is 
probably not more abundant than among the mountains, but becomes 
more interesting because of its accumulation in massive, rounded hills, 
principally composed of lower till, which form the most prominent eleva- 
tions near our coast, in Essex county, Mass., and southward to Boston.* 

• These remitkabls depoiili of g'^ijl drift have been deicribed in liit Pruiidinet of th, Bsstm StcUty of 
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A Special exploration has shown that these hills are also finely developed, 
being more numerous but somewhat less massive, in Merrimack, Hills- 
borough, and Cheshire counties, and in many parts of central Massachu- 
setts. They vary in size from a few hundred feet to a third or a half 
mile in length, with usually about half or two thirds as great width. 
Their height, corresponding to their area, varies from forty or fifty feet 
to one hundred and fifty or two hundred feet. But whatever may be the 
size of these hills, they arc singularly alike in outline and form, usually 
having steep sides, with gently-sloping, rounded tops, and presenting a 
very smooth and regular contour. From this resemblance in shape to 
an elliptical convex lens, Prof. Hitchcock has called them lenticular kills, 
to distinguish these deposits of glacial drift from its broadly flattened or 
undulating sheets, which are common throughout the state. 

The lenticular hills have a well defined trend, which shows a very 
notable parallelism with the striation of the rocks. Next to the coast it 
is prevailingly north-west to south-east, while farther inland it has very 
few exceptions from a nearly north and south course. In addition to the 
occurrence of the glacial drift in lenticular hills, it is frequently amassed 
in slopes of similar lenticular form. These have their position almost 
invariably upon either the south or north side of the ledgy hills against 
which they rest, showing a considerable deflection towards the south- 
east and north-west in the east part of the state. It cannot be doubted 
that the trend of the lenticular hills, and the direction taken by these 
slopes, have been determined by the glacial current, which produced the 
striae with which they are parallel. 

Slopes of till accumulated on the lee side of projecting ledges have 
been described by European glacialists, the hill and the detritus sheltered 
behind it being commonly known as "crag and tail." The greater por- 
tion of these slopes which have been noted in New Hampshire are shel- 
tered in this way; but about a third of them lie upon the northern side, 
which was exposed to the ice-current. In rare cases these slopes have 
gathered upon both north and south sides alike, blending together and 
assuming the form of a lenticular hill of glacial drift, but having expos- 
ures of ledge at the top. In many true lenticular hills outcrops of solid 

Natural Hhiary by Prof. N. S. Shalcr (vol. xiii, pp. i9S-=03), and by Ptof, C. H. Hitchcock {vol. lix, pp. 
63-67). Thty sfcm 10 restmble Ihe "iJninis" or "sowbacks" of the till in ScolUod, mentioned in Geikie's 
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rock occur near their base, and evidently form a pedestal capped l^y a 
rounded mass of till fifty to one hundred feet in depth. 

These hills of glacial drift may be recognized by their smoothed sur- 
faces, overspread, indeed, with the large boulders which are common in 
the upper till, but moulded in gracefully curved outlines unbroken by 
jutting ledges, which give to all our other hills a more or less angular 
and abruptly undulating surface. Our elevations of rock are commonly 
in irregular groups or ridges, with outlying spurs, and, except in the 
south-east part of the state, they are far more massive and prominent 
than the lenticular hills. These accumulations of till are further distin- 
guished by their fertile soil, well adapted for pasturage or cultivation, 
which frequently makes them the most valuable land in the districts 
where they occur. On this account, they have almost invariably been 
cleared, while the more rugged, ledgy hills remain covered with woods. 

During exploration for mapping the lenticular hills, notes were also 
taken of sections in the glacial drift, shown by excavations for building 
and repairing roads, or for wells. These observations are presented in 
the following table, which shows depths of upper till varying from one 
to seventeen feet, resting, in all but five instances, directly upon the lower 
till, their separation being a definite line. It will be seen that thin lay- 
ers of sand are occasionally found in both these deposits, appearing to 
be most frequent in the lower till, where they are sometimes inclined or 
nearly vertical. In most cases where thick beds of gravel, sand, or clay 
occur in the glacial drift, their position is between the upper and lower 
till. A few examples appear in the annexed table, and others are de- 
scribed on pages lo8, 131, 137, 159, and 163 of this volume. It will be 
seen, also, from this table, that thick stratified deposits are sometimes 
found in or beneath the lower till. Wells in this compact boulder-clay, 
which is usually impervious to water, often encounter springs issuing 
from the.se beds or from thin seams or layers of sand, which therefore 
must extend a considerable distance. In most of the sections noted, the 
base of the boulder-clay was not reached. Nearly half of these sections 
are upon lenticular hills or slopes, which are thus shown to consist of a 
thin stratum of upper till at the surface, while the larger central portion 
is a massive accumulation of ground-moraine or lower till. 
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The average thickness of the upper till, obtained by taking the mean 
of these observations, is three feet and nine inches. If we subtract one 
tenth of this, due allowance will probably be made for areas that are 
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destitute of this deposit, leaving three and one third feet, which would 
thus appear to be approximately the mean depth of the upper till, if it 
were spread in a sheet of uniform thickness over the entire state. 

The lower til!, however, does not appear to have any development 
upon half of this territory, being accumulated in patches, sheets, and 
lenticular masses, while over adjoining areas of equal extent the ledges 
are exposed or covered only by the upper till. Very few of these sec- 
tions show the whole thickness of the lower till ; and its depth in the 
lenticular hills affords no basis from which to judge of its other deposits. 
It is impossible, therefore, to arrive at an estimate, as before, from this 
table. If we still wish to form some conclusion respecting the entire 
mass of the ground-moraine, it will be well tirst to consider the lenticu- 
lar hills and slopes, of which about eight hundred and sixty have been 
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noted in southern New Hampshire. The portions of these which con- 
sist of lower till may average equal to a depth for each of fifty feet upon 
an area of one tenth of a square mile. Tliis indicates that the lower till, 
accumulated in such masses, would form a layer perhaps six inches thick, 
if evenly spread over the whole state. These hills and slopes are only 
found, however, upon small portions of this area, and for the districts of 
their greatest abundance in Cheshire and Hillsborough counties, as in 
portions of Walpole, Chesterfield, Dublin, Jaffrey, Rindge, New Ipswich, 
Temple, Wilton, New Boston, and Goffstown, would probably yield con- 
tinuous sheets five to ten feet in thickness; while in Kensington and 
South Hampton, which represent their greater development near the 
coast, they may be equivalent to a uniform depth of thirty or forty feet. 
The average thickness of the lower till in flattened deposits, found 
throughout the state, can only be conjectured. It varies in depth from 
a few feet, as is most common, to twenty, thirty, or perhaps sometimes 
fifty feet. Our impression of its aggregate amount, including the lentic- 
ular hills and slopes, is nearly the same as the estimate derived from 
the foregoing table for the upper till. The modified drift, described in 
the first chapter of this volume, must also be nearly the same in its total 
mass. 

The whole depth of the drift in New Hampshire, if uniformly dis- 
tributed, would therefore be something like ten feet, of which nearly 
equal portions occur in each of its three divisions of modified drift, upper 
till, and lower till or ground -moraine. In this connection, we must bear 
in mind that a considerable part of the drift gathered by the ice-sheet 
from our territory was carried beyond our coast-line and deposited in 
submarine banks. 

The distribution of the till has been carefully noted throughout that 
part of the state which lies south of Grafton county and the White 
Mountains. Its most interesting deposits are the lenticular hills and 
slopes. These have been represented in the atlas, on the map that shows 
the courses of strias. It will be seen that their longer axes agree in 
direction with these tracings of the ice-current. The same map also 
shows lines of contour, with which the irregular distribution of the len- 
ticular hills may be readily compared. It would he expected that their 
abundance or absence must be determined, or at least influenced, by the 
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very irregular outlines of the surface ; but we have been unable to dis- 
cover this relation or dependence, if any exists. In the northern por- 
tion of the area explored, the till is common in patches and extended 
sheets, but forms only few and scattered lenticular hills or slopes. Far- 
ther south, these remarkable accumulations occur quite abundantly upon 
three belts of our territory, one o£ which extends through the west part 
of Cheshire county ; another, from Goffstown and Weare south-west to 
New Ipswich and Rindge ; and the third, through eastern Rockingham 
county. The general features of these lenticular deposits of till, which 
have been already given, apply to them in all parts of the state where 
they have been found, and also in north-eastern and central Massachu- 
setts, leaving little that needs to be particularly mentioned, except the 
localities of their most conspicuous or noteworthy occurrence. 

Sullivan County. The glacial drift does not form many prominently rounded masses 
in this part of the state. A lenticular slope of till, resting against higher ledges at the 
north, was observed two miles west of Merjden on the north side of Blow-me-down 
hrook. Even such deposits are rare in most of the towns of this county. Southward, 
lenticular accumulations of till were noted on both sides of Sugar river one to two miles 
east of Claremont. The first of these on the north side of the river falls off abruptly 
at its south-east end, having evidently been undermined by this stream, which now 
flows thirty rods distant, separated by a low flood-plain. No lenticular masses were 
seen in Newport, but considerable till is spread out in flattened sheets. For fully a 
mile in the west part of this town, beginning a little below Kelleyville, such a deposit 
has been undermined by Sugar river, and forms a continuous bluff on its north side 75 
to 100 feet high. The slope southward from Acworth centre to Cold river, amounting 
to about 500 feet in two miles, is principally covered with till, much of which is massed 
in rounded hummocks with several lenticular hills near the bottom. At the northward 
bend of tlie river, a half mile west of Soutb Acworth, it forms a bluff loo feet high 
The ascent on the south side of the valley towards Alstead is also marked by frequent 
patches of till. 

Cheshire County. In the west and south-east parts of Cheshire county the lenticular 
hills are finely developed, but they are almost entirely wanting over an intervening area 
which averages ten miles in width. At East Alstead, and for a mile to the north and 
east, the surface is mostly till, which occurs in broad swells, resembling lenticular ac- 
cumulations. Well marked examples of " crag and tail " occur one mile north-east and 
a mile and a half east- north-east from this village, (he latter example being in the edge 
of Marlow. Many fine lenticular hills occur in the south part of Walpole, scattered 
among more prominent hills of ledge, At a mile and a half south-east from the village, 
the road which leads north from school-house No. 4 climbs a rounded slope of till nearly 
VOL. in. 38 
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200 feet in height. From its top two prominent hills of this class are seen within a third 
of a mile on the west. Another fine example was noted about a mile south from these ; 
two more occur a mile west from the last ; and several were seen in the south-east part 
of the town, one lying a short disiance north-west from school -house No, 13, and others 
within a mile to the west and south. 

The valley of Thompson brook, in the south-west corner of Alsiead and north part 
of Surry, is bordered by large deposits of till, wliich at several places have a well defined, 
lenticular form. These hills are also well shown along the Ashuelot valley in Gilsum. 
In Westmoreland they are numerous along the route of the Cheshire Railroad, occur- 
ring close north of East Westmoreland depot, at one mile west and south-west, and for 
one mile to the south. No typical lenticular hills were noticed near Westmoreland 
village, but similar masses of till rest against a ledgy hill one mile south-west ; and at 
a mile and a half south a broad sheet of it forms the north slope of Pistareen mountain. 
These hills are very finely shown in Chesterfield, as many as fifty distinct lenticular 
accumulations being noted. They abound from Factory village west to Connecticut 
river, being especially numerous and massive within a circuit of one mile about Ches- 
terfield centre. Only inconspicuous examples occur in Hinsdale ; but Winchester has 
about a dozen well defined and prominent lenticular hills within four miles north from 
Ashuelot and Winchester villages. These constitute an isolated group, surrounded on 
all sides for tliree or four miles by irregular ledgy hills with no considerable accumula- 
tions of till. In each of these towns, other areas adjoining those which we have de- 
scribed are destitute of these deposits. 

The central portion of this county, which has only very rare lenticular hills, comprises 
the towns of Marlow, Stoddard, Sullivan, Roxbury, Keene, Swanzey, Troy, Richmond, 
and Fitzwilliam. In Nelson, these hills are found near the village. Several good ex- 
amples, 50 to 75 or 100 feet deep, occur within a half mile to the south-east and within 
a mile and a half to the west. In Harrisville and Marlborough a few lenticular hills 
are noted ; but the greater part of these towns shows no trace of them. 

Their best display in this county is at the south-east, in Dublin, Jaffrey, and Rindge. 
On the north side of MoaadnocJc mountain they are finely developed, four very promi- 
nent examples occurring about two miles north-west from Monadnock lake, which is 
also bordered by small but typical lenticular hills on its north-west side. Their trend 
here is uniformly from north-west to south-east, or nearly so, while in other parts of 
this county it is almost always approximately from north to south. This divergence of 
45° from the usual course was due to deflection of the ice-current, for the stris of this 
vicinity show the same eastward deviation. Between Dublin village and Thorndike 
pond numerous lenticular accumulations occur; but many of them are not true hills, since 
they rest against ledges at the north. The east half of Jaffrey and nearly the entire 
township of Rindge are well filled wilh the lenticular hills, which vary from 50 to 150 
feet in depth, but scarcely any of them have received special names. Their fertility 
has caused them to be cleared, and their smoothed fields of pasturage or mowing con- 
trast notably with the ledgy hills of similar height but very irregular outlines, which 
abound in the next fifteen miles to the west. 
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Carroll Comity. The lenticular accumulations of till which have been observed east 
of Lake Winnipiseogee lie most frequently on the north-west side of hills, which was 
struck by the full force of the ice-current. The hill upon which Sandwidi Lower Cor- 
ner is built may serve as an example. The north side of this hill is a smooth lenticu- 
lar slope of till, but ledge appears at its top and on its soufh side. Fernald's hill in 
Tuftonborough, a mile east of Melvin Village, also has 3 very regular nortli and north- 
west slope of till. A bed of stratified gravel and sand occurs in the lower till of this 
deposit, as shown by ivells at Mr. Calvin Fernald's, described on page 290. The high- 
est point of this hill is ledge, which forms all its south-east side, being in many places 
precipitous. A similar mass of lower till, with modified drift beneath or enclosed in 
it, lies on the north-west side of a hill two miles north-east of Wolfeborough village. 
Pray hill, north of Pine River pond in Wakefield, has a fine north-west slope of till, 
while its south-east slope is ledge. Fogg's Ridge, one mile south of Pocket hiil in 
Ossipee, is the only true lenticular hill seen in Carroll county. This is a typical exam- 
ple, showing no ledges for 100 feet below its highest point. Its whole north-west and 
north slopes appear to be composed of till ; on the south and south-east, ledges form 
the base of the hill, extending half way to its top. Its trend, like that of the slopes 
of till, is approximately north-west to south-east. 

Belknap County. The till south and west of Lake Winnipiseogee is sometimes ac- 
cumulated deeply on the north-west slopes of hills, as in Carroll county, but more 
commonly it is massed on the south-east or sheltered side. Prospect hill in Alton, and 
Ayers hill in the edge of BarnsCead, four miles farther west, are fine examples of " crag 
and tail," the till lying only upon their south-east sides, having, in the first case, a very 
straight slope, and in the latter a rounded, lenticular form. Similar masses of till rest 
upon the south and south-east sides of Hall's hill, one mile north-east of Gilmanton 
Iron Works. Several small lenticular hills occur near Half Moon pond, which is 
crossed by the line between Alton and Barnstead ; others were noted five miles farther 
soufh, neat Clark's corner ; and a line example lies three fourths of a mile south-cast of 
Lower Gilmanton. Far the greater part of these townships, however, are destitute of 
any such deposits ; and in the remainder of the county, towards the north-west, lentic- 
ular hills and slopes are still more rare. 

Merrimack County. The lenticular accumulations of til! are well shown in several 
of the towns of this county. They are most numerous from Pittsfield westward to the 
Merrimack river. Farther west, typical hills of this class are very rare ; but we occa- 
sionally find massive lenticular slopes, or broad, flattened swells, of till. The north, 
west, and south-east portions of this county have scarcely any examples of these de- 
posits. 

In Pittsfield, the north-west slope of Tilton hill, two miles east of the village, con- 
sists of three rounded masses of till, but ledges form its top and east side. Much 
glacial drift is accumulated west of the Suncook in this town and the north part of 
Chichester, forming lenticular hilb, of which Perkins's, Prospect, Jenness, Leavitt, and 
Brown's hills are good examples. Two of these hills occur in Loudon north of Rollins 
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pond ; three more west of Crooked pond, near a saw-mill ; and four were noted near 
together south-east of Clougli pond. Others are scattered here and there through these 
towDS and the south half of Canterbury. The most elevated of these bunches of till 
lie on the north-east slope of Garvin's hill in Chichester, near its top, and similarly on 
Oak hill in Loudon, both of which are principally ledge. For a third of a mile next 
above Webster's mills in Chichester, the Suncook river has cut its channel fully 75 feet 
deep through an accumulation of till, which appears to have rested against a ledgy hill 
on the south-east. This till forms bluffs that rise very steeply from the river on its 
north-ivest side. The finest development of lenticular hills seen in this county is in 
Concord, north-east of Snow pond, where a group of seven or eight is included within 
half a mile square. A( a mile and a half to the north-west, another example with a 
double summit is crossed by the north line of this township. 

West of the Merrimack river, Horse hill in the north-west corner of Concord, and 
several smaller rounded masses at its south-east foot ; Beech hill, at the east Hne of 
Hopkinton, at least on its slopes both to the north and south ; the massive north slope 
of Putney hill, well seen from Contoocookville ; Gage's hill, one mile west of Hopkin- 
ton village; several small accumulations in Dunbarton; and Gove's hill, north of 
Gove's pond in Henniker, belong to this class. In Webster, till forms deep accumu- 
lations sloping to the north, at Corser Hill village ; west of Long pond ; and on the 
north side of Little's hill. Glitten's hill in this town, and Pumpkin and Burnt hills in 
Warner, are very massive hills of typical lenticular form. They have outcropping 
ledges at their tops, while their slopes on ali sides are composed of till. In Salisbury 
till forms the south-east slope of Lovering's hill, and the gentle swells upon which the 
south and central villages are built. In Andover it is prominently massed in south- 
ward slopes west of Highland lake. Its most notable accumulation in the west part of 
this county is at New London village, where it forms a broad rounded swell nearly a 
mile long. The trend of these deposits in Merrimack county is generally north-west 
to south-east, varying in Canterbur}', the west part of Loudon, the north-east part of 
Concord, and in Dunbarton to a course more nearly north and south. 

Hillsborough County. The north-west and south-east portions of this county are 
nearly or quite destitute of any lenticular masses of glacial drift. They are, however, 
sprinkled very abundantly over a central area ten to fifteen miles wide, which extends 
across the county from north-east to south-west, being connected beyond its limits 
with the conspicuous development of these hills already described in Dublin, JatFrey, 
and Rindge. 

Beginning at the north-east, we find a very remarkable group of lenticular hills, 
about twenty in number, north of the principal village in Goffstown, Two prominent 
examples occur a mile east from these, but no others were observed in this whole town- 
ship. Five miles to the west these hills are again well displayed in the south part of 
Weare. The massive south-east slope of Dearborn's hill, and the top of Chevy's hill, 
which lies north-west of Clinton Grove, are also till. In the latter case it forms a 
rounded mass crowning a high ledgy hill, while scarcely any other lenticular accumula- 
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tions are to be seen for miles around. Several of these hills and slopes occur 'm Deer- 
ing, the most massive being on the east side of Wolf hill, and a southward slope from 
the hill-top west of Chase pond. 

Three or four prominent lenticular hills were found in the edge of Bennington and 
north-west corner of Francestown, at the north side of Crolched mountain. Others 
He in the east part of Francestown, north of Haunted pond. New Boston, except at 
its east side, is wel) dotted with lenticular hills, of which Beard's, Clark's, and Cochran 
hills, one close north of Mr. Solomon Dodge's house, two or three others within a mile 
to the north-west, one north of the first saw-mill below the village, others north and 
south-west of Cochran pond, a mile south of the village, and one less than a mile 
north-east of Joe English hill, are typical examples. Bedford has a few of these hills, 
the finest of which, a mile north-east of the village, is well seen from Manchester. In 
Amherst the south slope of Walnut hill Is till, which also forms three lenticular hills 
one to two miles north-west, and several rounded masses on the south side and near 
the top of Chestnut hill. Prospect hill in Mont Vernon, and several southward slopes 
south and south-west of the village, belong in the same class. 

These hills are absent from the west part of Mont Vernon, most of Lyndeborough, 
and the middle of Francestown ; but in the east part of Greenfield they are finely de- 
veloped. Two miles north-east of Russell's crossing, till lies in rounded masses on the 
north-west slope of Lyndeborough mountain. It also forms a smooth area of several 
acres near its south-west summit, and is spread in extensive sheets on its south-east 

In Wilton, Temple, Greenville, and New Ipswich, the lenticular hills are abundant. 
Fine examples ocair in the edge of Milford, two thirds of a mile east of Wilton depot; 
upon Perhara hill, in the north-east corner of Wilton; a mile to the north-west in tlie 
edge of Lyndeborough ; several in the north-west and others in the south-west part of 
Wilton ; four within one mile north-east of Temple village, known as Follett, Walton, 
Howard, and Wilson hills ; Nobby hill in Mason, one mile south of the village ; Bel- 
lows and Campbell hills in Greenville, and another north-east of the depot; Jefts hill 
in New Ipswich, one mile west of Greenville, with others close south-west and one 
half to one and a half miles north-west ; several one mile south and south-west of New 
Ipswich village ; and three on the west side of Barrett mountain. 

A few hills of this class are found in Peterborough, being most numerous about 
Cunningham pond ; also in Sharon, which has near its south-west corner one of the 
finest examples seen in New Hampshire. The trend of these hills and slopes through- 
out this county is almost invariably towards the south, or ten to twenty degrees east of 
soutn. 

Strafford County. No lenticular hills or slopes were found in the north part of this 
county. Rounded masses of till occur at several places on the south-east side of the 
Blue hills, south-east of Merrill's corner, and in prominent ridges near Strafford corner 
and centre. In Rochester five lenticular hills were noted, the finest of them being 
Hayes hill, now owned by Walter S. Hussey. This rises with a very regularly rounded 
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outline 150 feet above the lowland or valleys which surround it on every side. Another 
of similar height, but less typical in form, lies one mile south-east, near Gonic village. 
Two of these in Rochester occur east of the Cochecho, being Haven hill crossed by 
the road to Great Falls, and Gonic hill a half mile south. The former is less steep and 
prominent than usual, bui was shown by a well at its top to be composed of glacial 
drift at least forty feet deep. 

Green hill in Barrington is principally til! in three lenticular masses, but ledge occurs 
at its north-west summit. Dover has two prominent lenticular hills, neither of them 
typical in form. Long hill represents one extreme, being more elongated than usual, 
with the nearly north-west to south-east trend which prevails in this county ; and Gar- 
rison hill, which rises steeply about 150 feet, is at the opposite extreme, being nearly 
round. Farther south, the only lenticular accumulation of till seen in this county is 
Wednesday hill in Lee. This is a good example of these hills, rising 75 feet above the 
land on all sides. Its nearest neighbors of the same class are Bald and Grapevine hills 
in Newmarket, five miles distant. 

The towns of Maine which border this county on the south-east similarly contain 
scattered lenticular hills, of which Butler's hill, close east of South Berwick, and Third 
and Frost hills in Eliot, are very fine and prominent examples. 

Rockingham County. Deerfield is the only town in the western half of this county 
which shows frequent lenticular deposits of till. They were noted at about one mile 
from Deertield centre towards the north-east, north-west, west, and south-west. At a 
mile and a half towards the south-east are two fine hills of this kind, with the north 
summit of Mt. Pawtuckaway one mile farther east. Southward through this part of the 
county lenticular hills are very rare, the only examples discovered being Waterman's 
hill in the north part of Derry, a small one a fourth of a mile north-cast of West Hamp- 
stead, one close north-east of Salem depot, and Spicket hill, east of Salem village. The 
last is very massive, and is associated on the east with the extraordinary development 
of these hills through the north part of Essex county, Mass. The only other lenticular 
hills observed west of the Boston & Maine Railroad in Rockingham county are Red 
Oak hill in Epping, the top of which is till, with its whole south-east slope ; Dimond 
hill, and several others in the east part of this town ; Grapevine and Bald hills in the 
south-west corner of Newmarket, the latter a very fine example, 150 feet in height; 
Deer hill in Brentwood, one mile north-west of Marshall's corner, also typical, about 
100 feet in height ; Beech hil! in Exeter ; and the several rounded masses of Great hill 
at the north-east corner of Kingston. 

In Newington, Portsmouth, Rye, and a width of four or five miles next to the ocean 
southward, these hills are entirely absent, if we except the single instance of Great 
Boar's Head, described on page 254. Stratham has a few fine examples, as Stratham, 
Barker's, Bunker, and Rollins hills. Three occur within one mile east of Exeter vil- 
lage, and others one to two miles farther south-east. In the five miles next to Massa- 
chusetts line, these deposits of glacial drift are very numerous and massive, being more 
conspicuous than anywhere else in New Hampshire. They are 100 to zoo feet high, 



Hosted by 



Goosle 



GLACIAL DRIFT, 299 

and are the only prominent hills in this region. Nearly all of them have received 
names, including Sweet and Brandy Brow hills, one and two miles east of Piaislow ; 
Morse or Falls hill in East Kingston, and Buzzell, Martin, and Hog hills, crossed by 
the east line of this township ; Moulton Ridge, Hoosac, Round, Gove, Conner, Ward's, 
Horse, and New Found hills in Kensington ; Cock and Great hills in Hampton Falls ; 
and Indian Ground, Chair, Sawyer's, Aspen, and Bugsmouth hills in South Hampton. 

The longer axis of most of these hills noted in the west part of Rockingham county 
trends to ihe south -south-east ; in Epping, Newmarket, and Brentwood, lo the south- 
east ; while those last described have almost invariably an east-south-east course. In 
Kensington and South Hampton, besides this trend of separate hills, we may detect 
their succession in two series which extend from notlh-west to south-east. One of 
these embraces, in order, Buzzell's hill, Moulton Ridge, Hoosac, Gove, Conner, Ward's, 
and Horse hills ; the other consists of Martin, Hog, Indian Ground, and Chair hills. 
The two last named are double lenticular masses, the higher portion of each being at 
the north-west. 

Lenticular Hills in Massachusetts. These remarkable accumulations of till are very 
abundant and conspicuous over the greater part of Essex county, Mass. The principal 
exceptions to this are the east part of Salisbury ; Newburyport ; an area several miles 
wide extending thence to the south-west ; Cape Ann, eastward from Essex river ; and 
the vicinity of Salem. Prominent lenticular hills in this county are Grape, Beech, 
Butts, Monday, and Powow hills in Salisbury, the last of which is perhaps their finest 
type found in all our exploration ; Whittier's and Pond hills in Amesbury ; Bear and 
Red Oak hills in Merrimac ; Great, Golden. Silver's, West Meadow, and Scotland 
hills in Haverhill; Bear hill inMethuen; Reservoir hill in Lawrence; Prospect hill in 
Andover ; Gage's hill and others about Great pond in North Andover ; Hazeltine and 
Dead hiUs in Bradford ; Bald Pate hill in Georgetown ; Long, Pipe Stave, Archelaus, 
Ilsley's, and Crane Neck hills in West Newbury ; the Old Town hilis in Newbury ; Ox 
Pasture, Hundslow, and Prospect hills in Rowley ; and Turkey, Bartholomew, Turner's, 
Scott's, Town, Heartbreak, Plover, Sagamore, and Castle hills in Ipswich. Nearly all" 
of these come within the limits of the map of these deposits, presented in the atlas of 
this report. Others occur farther south in this county. 

Lenticular deposits of till are also very conspicuous in the vicinity of Boston, They 
form many of the islands in the harbor, and the numerous prominent hills that occur 
in the city and for five miles to the north and west, in ttie towns of Winthrop, Revere, 
Chelsea, Everett, Maiden, Medford, SoraervIIle, Cambridge, Watertowii, Brighton, 
Newton, and Brookline. 

The trend of these hills in Essex county is prevailingly towards the south-east ; but 
some of them vary from this to nearly north and south, while others have their longer 
axis from west to east. Perhaps one fourth of them, however, are nearly round, hav- 
ing no well marked trend. This form is rarely seen in New Hampshire. About Bos- 
ton their course is quite uniformly from north-west to south-east. 

In the north part of Middlesex county lenticular hills of glacial drift are rare, but are 
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represented by a few fine examples, as Fort hill in Lowell, on the east side of Concord 
river ; Forest hill at the south-east edge of Dunstable, with another close north-east ; 
and Bianchard's hill, with two others at the north-east, situated near the north line of 
Dunstable, west of Salmon brook. They are wanting in Pepperell and Townsend ; but 
a prominent one is crossed by the east line of Ashby north of Lock's brook, and they 
are quite numerous in the next ten miles to the west. 

In Groton and Ayer, lenticular hills are well shown along the east side of the Worces- 
ter & Nashua Railroad. Thence to the south-west they are rarely seen till we reach 
Worcester, where they are again abundant, especially for three or four miles north and 
west of the city, varying from 50 to nearly 200 feet in height. Reservoir or Chandler's 
hill, Newton, Prospect, and McFarland's hills are good examples. 

Westward from Ayer along the Fitchburg Railroad, they occur at Shirley station, in 
the south part of Lunenburg, and prominentl> norti and north-west of Leominster. At 
Fitchburg, and for several miles to the west and north vest all the hills are ledgy with 
no important accumulations of till. Their otable -lb ndance in New Ipswich and 
Eindge continues into Ashby and the nortl part of Ashburnham ; but the next five 
miles to the south and south-west showed er) few lent cular hills. 

In Gardner, they again become numerous and pro n eni Cowee's and Parker's hills 
being very conspicuous examples. From the r tops is n any as twenty of these hills 
are visible, mostly within two or three miles Parkers h 11 s separated by 3 hollow of 
about 40 feet from a contiguous lenticular hil! that rises at about twenty-five rods north- 
east to a nearly equal height. At the bottom of this depression, which is 100 feet above 
the foot of the hill in each direction, a former water-course, fifteen to thirty feet wide 
and four or five feet deep, filled with boulders from among which all the earth has been 
swept away, extends from north-west to south-east twenty rods or more. Its explana- 
tion seems to be, that while the ice-sheet was melting over this area, portions remain- 
ing at the norih-west side of the hill turned a stream through this gap. 

On Plate xviii of the second volume of this report, Prof. Hitchcock has shown the 
position of prominent lenticular hills in Bernardston and the north part of Gill. He 
also reports their occurrence in the north part of Montague ; in Amherst, where Mt. 
Pleasant, other hills at the north and norlh-east, and the College hill are examples, also 
the hills in the south part of the town, called Castor and Pollux; in South Hadley, 
Prospect hill near the Seminary being of this class ; and in the west edge of Granby. 

The trend of these hills in the north part of Middlesex county is between south and 
south-east ; about Worcester, Gardner, and Amherst, it is nearly north and south ; 
while in Bernardston and Gill it is commonly a little to the west of south. Probably 
lenticular hills cccur at many other localities in this state, which has been specially 
explored for this report only in its north-east portion shown upon our map. 

Cape Cod and Long Island. A hasty journey has been taken upon Cape Cod and 
Long Island, with a hope that some examination of the drift deposits near their south- 
ern limit might lead to a better understanding of the various questions suggested by 
exploration in New Hampshire. The description of Plymouth and Barnstable coun- 
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ties in the geological report of Massachusetts, and of Long Island in that of New York, 
seemed to indicate that these areas would show lenticular hills ; but no accumulations 
like those which we have been describing under this name were seen. 

The greater part of southern Plymouth county was found to be covered with modi- 
fied drift. Much of this is spread in level plains, which in Middleborough have many 
shallow depressions that are occupied by swamps. In the west part of Plymouth the 
only hollows which break the plains are of small area with steep sides, containing 
ponds. These are so numerous that this township is said to have a pond for each day 
in the year. About Plymouth village the modified drift forms kame-like hillocks and 
small plains, which are separated by very iiregular hollows and valleys. The tops of 
tliese deposits have a nearly uniform height which varies from 100 to 135 feet above 

In the east part of Plymouth a massive ridge, known as Manomet or Rocky hill, ex- 
tends three or four miles from north to south, having a continuous height 300 to 400 
feet above the sea. Abundant angular boulders of all sizes up to twenty feet in diam- 
eter strew its surface, which seems to have no ledges, but to consist entirely of the 
very coarse glacial drift that we have called upper fill. At the norih end of this range 
the sea has undermined its base, forming a steep slope sixty feet in height. A section 
here showed twenty feet of upper till, yellowish, with abundant large and small boul- 
ders, nearly ail of them angular, underlain by lower till, dark bluish gray, with small 
glaciated stones, exposed for twenty feet vertically but concealed below. The bed 
of boulders which forms the shore at this point came mostly from the upper stratum ; 
their sharp corners and edges have since been worn away by the waves. This ridge 
is bordered on both sides by kame-lifce or nearly level areas of modified drift. 

Southward, a broken range of lower hills, composed of the same coarse till, continues 
through Plymouth, Sandwich, and Falmouth, Thence it bends to the south-west, 
forming the chain of the Elizabeth islands. The highest elevations of this series of 
hills in Sandwich are about 300 feet, and in Falmouth and upon Naushon and the 
islands farther west, nearly 200 feet above the sea. Its length, from Manomet hill to 
the end of the Elizabeth islands, is forty-five miles. 

Railroad cuttings thirty feet deep in these deposits, one mile north of Falmouth 
village and Wood's Hole, show only the upper till. All of Naushon island consists of 
the same material upon the surface, namely, mingled boulders, gravel, and sand, wholly 
unstratified. The boulders are often so abundant as to cover all the ground, and are 
of all sizes up to ten, or even twenty or thirty, feet in diameter. They are almost inva- 
riably angiilar, except as they have been rounded by exposure to the weather, none of 
them, so far as observed, being glaciated or water-worn. Cliffs forty or fifty feet high, 
which are being undermined by the sea south-west from Tarpaulin cove, appear to be 
composed entirely of this coarse upper till ; but on the north-east end of the island a 
well sixty-seven feet deep passed through this deposit, and its last twenty-two feet 
were in very hard lower till, dark gray in color, with glaciated pebbles. 

The contour of this island, as also of many localities throughout the whole series of 
VOL. m. 39 
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these hills. Is very irregular, consisting of hills, ridges, and rounds, with bowl-shaped 
hollows which frequently contain ponds. This feature has led some to regard these 
deposits as similar to kames.* Their material, however, is very different from that of 
the kames, which consist principally of stratified water-worn gravel, rarelv containing 
any large or angular boulders, but frequently intermixed with layers of sand 

The conclusion of Mr, Clarence King, that this island, which he exammed forms 
part of 3 terminal moraine of the continental ice-sheet, seems to explain the accumula 
tion of the till in this remarkable series of hills. The border of the ice-sheet probably 
remained almost stationary through a long period, in which the materials thit it con 
lained were being continually brought forward and deposited at this line of its melting, 
In many places these would be pushed into very irregular heaps and ridges by retreats 
and advances of the ice-margin. At the same time we should also expect that thick 
beds of ground-moraine would be gathered beneath the ice near its termination. The 
withdrawal of the glacial sheet would then leave these deposits as upper and lower till, 
one overlying the other, in a long but broken and undulating series of hills. 

This terminal moraine does not, however, mark the farthest limit reached by the 
glacial sheet, which at one time extended six or seven miles beyond the Elizabeth 
islands, as shown by the prominent range of drift hills, which forms the north-west 
part of Martha's Vineyard. The origin of Cape Cod also seems to have depended upon 
this greater extension of the ice*sheet. Its terminal front appears to have continued 
from Martha's Vineyard north-easterly across Barnstable, thence to the east and north 
along the inner shore of the cape to Truro, which it probably crossed, extending on- 
ward to the north-east. This seems to be the outmost line at which we can assert the 
former presence of the continental ice-sheet. 

Cape Cod, east from Sandwich, consists almost entirely of modified drift. Through 
Barnstable this is disposed in kame-Iike ridges, knolls, and small plains, separated by 
crooked and bowl-shaped depressions. The material here is gravel and sand, often 
obliquely bedded, with frequent boulders which appear to liave been dropped upon 
these stratified deposits from floating ice. From Barnstable to South Wellfleet the 
surface is mainly level, consisting of plains of fine gravel or sand, and boulders are 
rarely seen. These plains vary in height from 25 to 75 feet above the sea. From 
South Wellfleet to High Head in the north part of Truro, the contour on the west side 
of the cape is again in very irregular kames, which are composed of gravel and sand 
with only rare boulders. These deposits, like those in Barnstable, rise to a height loo 
to 150 feet above the sea. The east side of the cape is here a nearly continuous bluff 
of this height, horizontaliy stratified, being evidently a remnant of a nearly level plain, 
the east part of which has been washed away by the sea. Thick beds of clay have 
been exposed at a few points. At the Clay Pounds, near Highland light, the section 
is sand at the top, about 40 feet ; finely laminated blue clay, also about 40 feet ; then 

•Procicdingi cfiht Bailm Sociely of NaUral HIslsry, vol. lii, pp. 59-63; and American Naluralisl, 
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sand, with occasional layers of gravel containing pebbles up to six inches in diameter, 
exposed for 20 feet, and probably extending as much farther to the sea-level. 

The accumulation of these thick deposits of modified drift, occupying an area more 
than forty miles long, with an average breadth of five miles, remote from any large 
river, and bordered on each side by the sea, seems capable of explanation only by sup- 
posing tlie material to have been held in an ice-sheet, which extended to the line that 
we have indicated, covering the Vineyard sound. Cape Cod and Massachusetts bays, 
and thence reaching to the north-east over a large part of the Gulf of Maine. When 
the return of a warmer climate drove back the front of these ice-fields to the long ter- 
minal moraine of the Elizabeth islands, Falmouth, Sandwich, and Plymouth, the rivers 
which flowed from their melting surface were principally discharged at two points, those 
at the soufli-west coriverging towards Barnstable, while those which descended from 
the glacial sheet over Massachusetts bay had their mouth in Wellfleet and Truro. The 
bordering walls and irregular masses and ridges of ice, which beset these rivers at their 
points of escape from tlie ice-sheet, caused their deposits over these areas to be massed 
in kames. The ocean at this period stood 150 feet or more above its present height ; 
and the part of the burden of these glacial rivers, which was carried beyond their 
mouths, was spread by marine currents in nearly level plains, bordering the front of the 
ice-sheet. The true terminal moraine of till, formed by the ice at this bound of its 
greatest e\teiit, is covered by the sea or by these beds of modified drift. 

The north end of these Champlain deposits is at High Head. The whole of Prov- 
incetown consists of sea-sand, with no pebbles. This sand has come from the erosion 
by the sea of the east shore of the cape ; has been swept north and west to its present 
place in the lee of this breakwater ; lifted by the waves into beach-ridges ; and further 
raised by the wind into hills a hundred feet in height. 

On Long Island the farthest limit attained by the ice-sheet is probably indicated by 
a series of drift hills, which is commonly known as the "backbone of the island." 
These hills are well exposed along the south shore for about ten miles west from Mon- 
tauk point, forming cliffs from 20 to 140 feet high. Westward, they extend through the 
north part of East Hampton, and from Sag Harbor south-west to the Shinnecock hills 
and Canoe place. Thence they continue in a nearly west course, including Osborn's 
hiii, a few miles south-west of Riverhead ; Terry's hill, south of Manor ; Holman's hili, 
north of Yaphank ; the Coram, Seldon, and Bald hills ; Mount Pleasant, west of Ron- 
konkoma lake ; Pine hill ; the Commac, Dix, and West hills ; Spring, Wheatly, and 
Harbor hills, the last of which, near Roslyn, is the highest point on this island. Far- 
ther west, this series of hills trends a little mote to the south, passing near Lakeville, 
and close north of Creedmoor, Jamaica, and East New York. Thence it nearly co- 
incides with the south-east boundary of Brooklyn, and reaches to the Narrows, forming 
the sites of Cypress Hill cemetery, Ridgewood reservoir, and the cemetery of the Ever- 
greens, of the highest portions of Prospect park and Greenwood cemetery, and of Fort 
Hamilton. 

The length of this range from Montauk point to the Narrows is about 1 rj miles. It 
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is interrupted at Neapeague beach and marsh, I2 miles west of Montauk point; betweea 
Manor and Yaphank ; and at Syosset. West fioin Roslyn it is very plainly recognized 
as a continuous, irregularly undulating ridge. The heights of prominent hills in this 
series are as follows : • Montauk point, 85 feet above the sea ; Fort Pond hill, five miles 
to the west, 194; Neapeague hill, 135; Amagansett hill, 161 ; Shinnecock hill, 140; 
Osborn's hill, 293; Ruland's hill, south of Coram, 340; Jane's hill, the highest of the 
West hills, 354; Layton's or Wheatly hill, 380 ; Westbury hill, 260; Harbor hill, 384 ; 
John M. Clark's hill, near Manhasset, 326; Smith's hill, 332; Prospect hill in Brook- 
lyn, 194. 

In the east and middle portions of the island the majority of these hills are composed 
of modified drift, being gravel and sand, distinctly stratified, and containing few or rare 
boulders. Osborn's, Ruland's, Jane's, and Harbor hills are of this kind. They appear 
to be immense kame-like deposits, formed at the terminal front of the glacial sheet. 
As at Cape Cod, when this was obliged to retreat, its melting took place over a very 
wide extent of its surface ; and the rivers thus formed were heavily freighted with 
gravel, sand, and clay, which had been contained iti the ice. A large portion of this 
gravel and sand would be heaped at the mouths of these streams, — that is, at the 
points where they left these ice-fields and entered the lower open area beyond. 

The part of Long Island south of these hills consists of nearly level plains of fine 
gravel and sand five to ten miles in width, and extending a hundred miles in length. 
The height of their north portion at the foot of the hills varies from 50 to r5o feet 
above the sea. These deposits, like the levelly stratified drift of Cape Cod, appear to 
have been brought by the glacial rivers which formed the kame-like hills. The ocean 
rolled its waves above the surface of these plains, spreading the material which it thus 
received over a wide area to the south. 

Near the west end of Long Island this range of hills is composed entirely of unstrati- 
fied glacial drift, full of boulders, having all the characteristics of the upper (ill. It is 
well exhibited in the south-east part of Brooklyn by many excavations, as for cellars 
and streets. This is the true terminal moraine of the ice-sheet. Its continuation east- 
ward is for the most part covered by the later kame-like gravel and sand. Westward, 
this terminal moraine, principally composed of coarse, unstratified drift like the upper 
till, heaped in irregular hills and ridges, begins on the opposite side of the Narrows at 
Forts Tompkins and Wadsworth, crosses Staten island, and enters New Jersey! s' 
Perth Amboy ; it bends thence to the north-west and north, passing near Plainfield. 
Morristown, and Dover; next it runs west and south of west by Hackettstown to the 
Delaware river a little above Easton. 

The boundary of the ice-sheet at its period of greatest extent appears to be thus 

• From atilcl« on Ihc Ecology of Lons Island, by Mr, Elias Lewij, Jr., of Brooklyn, in Anterican Jimrtial nf 
Siimci aid Aril, third stHes, vol. xili, pp. 135 and 236; and 'm Pefular Sciracc Htl»ithly,-vo\. i, pp. 43(-446. 
Tht greater part of ihe^e heights wae determinsd by tht United State. Coast Survey. 

reached by glacial action in New Jersey h from the 
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plainly marked for a distance of three hundred miles, reaching from Truro, near the 
end of Cape Cod, through Barnstable, the north-west part of Martha's Vineyard, Block 
Island, Montaufc Point, the centre of Long Island, the soutli-east part of Staten Island, 
and northern New Jersey. Careful exploration will probably discover a similar series 
of hills, composed of unstratiiied upper till or of modified drift, at the border of the 
glaciated area through Pennsylvania, Ohio, and states farther west. 

A later terminal moraine seems to be indicated by the line of drift hills which forms 
the north shore of Long Island through the greater part of Brookhaven, Riverhead and 
Soutliold. Its extension to the east appears to be through Plumb and Fisher's islands, 
and the southern edge of Rhode Island; thence to the Elizabeth islands, and from 
them northward to Manomet hill. At this line the ice-sheet made a long halt in its 
retreat. No similar series of drift deposits has been noticed farther north in New 
England, over which the melting of the ice-fields seems in general to have been with- 
out sufficient pauses for the formation of definite terminal moraines. 

It remains for us to inquire what was the origin, or mode of accumula- 
tion, of the lenticular hills and slopes of till which have been found to be 
abundant and prominent in many parts of southern New Hampshire. We 
have seen that in Cheshire, Hillsborough, and Rockingham counties these 
lenticular masses are scattered here and there, and in some places quite 
thickly, upon three areas which vary from five to twenty miles in width, 
and extend twenty-five or thirty miles from north to south, or from north- 
east to south-west. The greater part of the most eastern of these areas 
lies beyond the state line in Essex county, Mass. These tracts are sepa- 
rated by others of equal or greater width, upon which scarcely any len- 
ticular hills are found. This territorial division in three groups does not 
appear to have been caused by differences in the adjacent stratified rocks; 
it more probably resulted in some unexplained way from movements of 
the ice-sheet. It is the only indication of system which we have discov- 
ered in the distribution of these hills. Whether they occur rarely or very 
abundantly, they are alike irregularly scattered without any apparent 
order or connection, nowhere forming well defined series, like those of 
the terminal moraines of Plymouth and Barnstable counties in Massa- 
chusetts, and of Long Island and New Jersey. 

In Sullivan, Carroll, Belknap, Merrimack, and Strafford counties, len- 
ticular accumulations of till are sprinkled more sparingly, with no traces 
of system, being numerous in some localities, but generally rare or ab- 
sent. With this diminution in numbers northward, the relative propor- 
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tion of lenticular slopes of glacial drift resting against ledgy' hills is 
increased, Carroll county is especially remarkable for the frequent oc- 
currence of these slopes on the north-west side of hills, directly facing 
the powerful current of the ice. 

Nearly the whole of New Hampshire presents a very uneven surface, 
consisting of broken and irregularly grouped hills and mountains. The 
distribution of the lenticular hills does not seem, however, to depend 
upon these features. They are very finely developed on the lowland near 
the coast, but not less so in Dublin, Jaffrey, and Rindge, upon the height 
of land between Merrimack and Connecticut rivers. Beside the coast 
they are spread over an area which would otherwise be nearly level ; at 
many places inland they are equally abundant among high, irregular hills. 
They seem as likely to be found upon one side as another of any moun- 
tain or prominent hill-range. The altitude at which they occur varies 
from the level of the sea to 1,500 feet above it. By reference to a map 
in the atlas, the relation of the lenticular hills to contour lines and striae 
will be readily seen. 

The most noticeable feature of these remarkable deposits is their 
smoothed oval form with a definite trend or longer axis, which lies 
almost invariably in the same direction with the striae. Thus their 
position is the one which opposed the least resistance to the glacial 
current, and is that which would be assumed by accumulations formed 
beneath the moving ice-sheet. Deflection in the trend of these hills 
at any locality from their prevailing course over adjacent areas is usually 
accompanied by deflected striae. An instance of this occurs in Dublin 
on the north side of Monadnock mountain, where both lenticular hills 
and striae point thirty or forty degrees more than usual to the east of 
south. A similar deviation of the strias has been noted at Andover and 
Potter Place, on the north side of Mt. Kearsarge, but no lenticular hills 
occur there. It would appear that any isolated mountain like these, 
while enveloped in the ice-sheet, might cause only slight variation in its 
current, which must overcome as great resistance in turning aside as in 
passing upward without changing its course ; but near the end of the 
glacial period, when such barriers were reached by the retreating termi- 
nal front of the ice, its current from the north would no longer be 
1 upward by the continuous glacial sheet, so as to pass over the 
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mountain, but would be deflected toward the vacant area at the south- 
east. It seems probable, therefore, that the hills mentioned were 
moulded with their unusual trend during the decline and departure of 
the ice-sheet. Such deflection of the lenticular hills is uncommon, their 
trend being nearly uniform over large areas, gradually changing from a 
south-east course in Carroll, Strafford, and Rockingham counties, to a 
nearly south course in the west part of the state. 

The till of Scotland is described by Mr. James Geikie,* as massed in 
ridges which seem to be somewhat like our lenticular hills, but more 
prolonged and less prominent His opinion that these accumulations of 
the Scottish till were formed beneath the ice-sheet, seems to be true also 
of the lenticular hills and slopes of New England. The reasons which 
lead us to this conclusion are the distance of these deposits from the 
end or outside limit of the ice-sheet, as it probably existed through the 
greater part of the glacial period ; their difference from the hills and 
ridges of the terminal moraines there formed ; the trend of the lenticu- 
lar accumulations ; their composition principally of lower till ; the occur- 
rence in this till of level sandy layers; the similarity of the lenticular 
hills to slopes which rest against ledgy hills, either upon the side which 
was sheltered from the ice-current or upon that which was fully exposed 
to it; and the obscure lamination, which may be commonly observed in 
sections of the lower till, whether in lenticular masses or in flattened 
sheets, 

Below a thin covering of upper till, the material of which the inner 
portion of these hills and slopes is formed is the dark and compact lower 
till, which has been described on pages g and 286. It has been shown 
that the character of this deposit can be explained only by supposing it 
to be the ground-moraine accumulated beneath the moving ice-sheet. 
The small proportion of its iron that has become fully oxidized, and the 
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very fine clayey detritus in which its glaciated pebbles and boulders are 
embedded, indicate that this portion of the drift has been mostly derived 
by erosion from the rocks, and pulverized under the grinding action of 
the ice-current. 

The level layers of gravel, sand, or clay that are occasionally found in 
this lower till appear to have been formed by streams, which in summer 
found their way through crevasses to the bottom of the ice. These 
seams and beds of modified drift in the till frequently occur upon len- 
ticular hills and slopes, where they could not have been deposited by 
ordinary streams, if the ice-sheet was withdrawn. The usually horizon- 
tal position and considerable extent of these beds show that after their 
formation they lay undisturbed, while the ground-moraine continued to 
be deposited above them. Where similar seams or beds are nearly ver- 
tical, inclined, or contorted, as they are more rarely observed, it shows 
that a large mass of the lower till was lifted up before the ice-current, 
and pushed forward with its included layers of modified drift. 

The accumulation of these hills and slopes seems to have been by slow 
and long continued addition of material to their surface, the mass remain- 
ing nearly stationary from the beginning of its deposition. Obviously 
this was the case with the lenticular slopes gathered behind the shelter 
of higher ledgy hills, or upon their opposite sides. Except in their loca- 
tion, these slopes are like the lenticular hills, which seem to contain no 
ledge, being simply heaps of the ground-moraine 50 to 200 feet in height. 
This resemblance suggests that both hills and slopes alike increased 
slowly in extent and depth without much change in place, new material 
being lodged upon their surface from the ice-sheet which swept over 
them. 

The obscure lamination or cleavage, which is one of the characteristic 
features of the lower till, was probably produced by this mode of its ac- 
cumulation. In this deposit from the ice-sheet, it corresponds to the 
stratification of sediments from water, but it is less distinct; and the fine 
detritus in which it appears contains glaciated pebbles and boulders in- 
discriminately mixed through its whole mass. This structure was at first 
thought to be a true cleavage, caused by the pressure of the glacial 
sheet. If we take this explanation, it still proves, like the hardness and 
compactness which also mark the lower till, that this deposit was not 
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ploughed up by the enormous pressure of the ice passing over it. How 
could this force permit the ground-moraine to be heaped in the steeply- 
projecting lenticular hills.' Instead of this we should expect it to be 
left only in flattened sheets or behind sheltering ledges. The probable 
answer seems to be, that the finely pulverized detritus and glaciated 
stones in the bottom of the ice-sheet had a tendency to lodge upon the 
surface of any deposit of the same material. When such banks of the 
lower till became prominent obstacles to the ice-current, its levelling 
force was less powerful than this tendency of adhesion, which continually 
gathered new material, building up these massive rounded hills. At 
the melting of the overlying ice-sheet, the surface of hills and valleys, 
ground- moraine and ledges, were alike covered by the nearly continuous 
mantle of the upper till. w, u. 

Note upon Lenticular Hills, by C, H. Hitchcock. 

Thorough search for these moraines has been made in all parts of the state south of 
the White Mouatmns, not including Grafton county. Not many more will be added 
by future observations. I do not think any occur ia Grafton county. In Canaan, long 
drift covered hills south of the centre bear some resemblance to them. A trip through 
eastern Vermont revealed facts of interest. In Orange two hills in Ihe south-west 
corner resemble lenticulars, and, as seen from a distance, there appear to be genuine 
examples on Che north-west side of the church. In Peacham and Danville, num- 
erous rounded hills resembling these moraines may be seen from elevated positions. 
Some that I examined proved to be composed of Umestone, weathered roundish; so 
it seems probable that all the others are similarly constituted. One not familiar with 
the behavior of this rock, when acted upon by atmospheric agencies, might call all 
these mounds lenticular hills. Large drift hills are known to occur in Bethlehem and 
Whitefield. Another trip to the localities would be requisite to enable me to pro- 
nounce upon their existence in these towns or elsewhere in Coos county. It seems 
probable that the great drift hill just west of Chocorua pond in Tamworth should be 
of this character. The heliotype illustration of some of these hills in Goifstown ad- 
mirably represents their general character. All the hills in the view are true lenlicular 
ground-moraines, with no ledges in them. They are simply piles of earth and stones 
accumulated beneath the ice-sheet, and afterwards covered by the upper till. The 
information contained in Mr. Upham's description of these hills is one of the most 
valuable contributions to science obtained during our whole survey of the state. 
VOL. III. 40 
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Lake Ramparts. 



Under this name I have described in earlier state reports ridges o£ 
boulders and coarse gravel bordering certain portions of shallow ponds. 
They occur where the water is not deep, and there is a considerable 
exposure of shoal bottom strown with boulders. As the water freezes in 
the winter the ice encloses these stones, and by virtue of expansion 
moves them nearer the shore. The amount of pushing in a single sea- 
son would be small; but the work would be resumed every winter, and 
in the course of ages the fragments would reach the shore, and perhaps 
be crowded inland. Farmers who build fences on the edges of a wide 
ditch often find them bent or prostrated in the spring for a similar rea- 
son ; the expansion of the water in freezing has pushed them over. 

Several instances of these ridges have been observed in New Hamp- 
shire. The best known is on the Vaughan shore in Moultonborough, in 
the north-east part of Lake Winniplseogee. We find there a ridge one 
eighth of a mile long, opposite a broad expanse of shallow water about 
four feet in height. Passing easterly 125 feet, the ground is low and 
swampy, and another similar ridge about fifteen feet high is encountered, 
fronting a low terrace. It is very likely this ridge represents an older 
rampart, made when the lake stood at a higher level. The shore and 
the ridges are covered by shrubs and trees. A pine had been ctit re- 
cently from the smaller rampart, whose trunk has a diameter of twenty- 
eight inches. From this I obtained a section for the museum, and 
counted I22 rings of growth upon it. As this had been cut twenty-five 
years previous to my visit (1871), it is obvious that certainly a century 
i elapsed since the formation of the rampart. I saw 
a tree still standing upon this ridge twenty-seven inches 
in diameter A few years since, in the case of the town 
I of Gilford v. The Winnipi- 
^3^?^ Me c^ o^'^^S ° .^1 seogee Lake Company, it 
was found expedient to use 

Fig. 62.-LAKE RAMPART, MOULTONBOBOUOH ^j^^ ^^^^^ ^^^^^ ^^ ^^^^ ^^. 

part with the trees upon it, to prove that there had been no unusual 
flowage of the lake for the past hundred years. The whole court ad- 
journed to visit the locality. Fig. 63 shows the two ramparts with a tree 
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standing upon the first. Another example may be seen at the south 
end of Long island. It is possible that Steamboat island and its cul- 
mination south in a ridge in shallow water is to be regarded as one o£ 
these ramparts. 

Ska Walls. 

A variety of the sea-beach action is indicated by the term sea walls, 
which I suggested for them in i86i,* It is a long embankment of smooth 
boulders, without sand or gravel, lying just behind the beaches. When 
the more powerful storms prevail off the coast, stones up to two feet 
in diameter are carried a distance of hundreds of feet, and deposited just 
back of the beaches. Sometimes they are fifteen feet in height. I have 
noticed them in Rye. 

Disturbances in Modified Drift, 

A few examples of curvature in layers of gravel and sand have been 
noticed. One of them is represented in Fig. 63. It is seen on the east 






Fig. 63. — Section in Gravel, Whitefield. 

side of John's river, in Whitefield, just east of the depot. Coarse gravel 
occupies the centre and lowest part of the arch, and there is another 
mass of it upon the steep slope to the left. The bank was exposed for 
about fifteen feet. 

* Friliminary BipsrI Gialsgy of Maiai,^. jjo. 
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Another style of disturbance is indicated in faults, some of which have 
been referred to upon page 39. Many of them can be regarded as the 
result of local sliding. One more difficult to explain may be seen be- 
tween Mini; brook and the village of Hanover upon the West Lebanon 
road. The first bank next the brooif, below Mr. Benton's house, dips 10° 
northerly. Near the base of the principal hill, north of Benton's, the 
dip is southerly at the same angle. Near the top the stratification is 
horizontal. The section along the road shows the loamy sand to have 
a synclinal structure, or, rather, there are two faulted segments dipping 
towards each other. Other highly inclined masses of alluvium occur 
close by the railroad depot in Norwich, at the north edge of the great 
plain two miles from Dartmouth college on the Lyme road, and near the 
mouth of Grant brook in Lyme, where the angle of inclination amounts 
to thirty degrees. It seems likely that the forces disturbing these ter- 
races were analogous to the elevating agencies that displayed their power 
in the earlier periods of geological time. Earthquakes of greater severity 
than are now common in the state might have been adequate to produce 
the results. The facts are given to draw the attention of other and future 
observers to the subject, as they may find more important illustrations of 
a continental force, or else discover satisfactory evidence that the dis- 
turbances have been entirely due to gravity. 

Ice Accumulations, 

Occasionally the conditions are favorable for the continuation of ice 
unmelted through the entire summer. The best known example is in 
Tuckerman's ravine, described in Volume I, page 623. Here it is ex- 
posed to the sun and air, continuing very long because of an immense 
accumulation. In other cases the ice is preserved in caverns, or in the 
midst of large fragments of rock, as in Lyman, Effingham, and Plymouth. 

In Lyman, about half a mile west of Parker hill, ice accummulates 
beneath large stone fragments at the base of a cliff. I found no ice there 
September 4, 1S70, though the air issuing from the side was very cold, 
indicating its existence. The people in the neighborhood often obtain 
ice from this locality in the summer. In a journal published in Concord 
in 1823, it is related by Caleb Emery, of Lyman, that in 1816, a mem- 
orable cold summer, he saw a well frozen over solid, eight feet from the 
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surface, in June. The ice had to be cut to enable the draught of water. 
In July, he found a mass of ice floating in this well as large as a wash- 
tub. 

In Plymouth, there is said to be an ice-cave in the west part of the 
town, where ice can be obtained every summer as late as the month of 
August. 

Upon the north slope of Green mountain in Effingham I found large 
masses of ice in the latter part of August, 1875. Near the edge of a 
precipice enormous blocks have been separated from the ledges, making 
large passages like caves, where different fragments rest upon each other 
like arches. On descending twenty feet I found ice, and then followed 
along forty feet to a much larger opening. This ice-cellar is well known 
to the people living in the neighborhood. 

A study of similar ice-masses elsewhere shows the existence of cur- 
rents of air, downward in the summer and upward in the winter, which 
evaporate the water, and, by the accompanying removal of heat, induce 
cold sufficient to freeze water and to preserve the ice thus formed. The 
principle has been made use of in warm countries to produce ice artifi- 
cially in merchantable quantities. 

Beavek Dams. 

Several hogs in the state owe their existence to the former presence 
of the dams made by beaver. This animal is now entirely extinct, owing 
to the advance of clearings and the removal of the forests. It is not 
uncommon to find sticks that have been gnawed by these creatures. 
One such example is in Plainfield, where they occur underneath pine 
trees more than a foot in diameter. It is plain that here a bog was 
filled up by the natural accumulation of sediment in the beaver pond, 
and the land became dry enough for pines to grow. The name of 
"beaver meadow" is frequently heard throughout the state, and indi- 
cates the prevalence of bogs reclaimed by animal agency. One of the 
largest of these iies between iVIts. Misery and Odiome, in Weare, on the 
land of Hon. Moses Hodgdon, nearly a mile in length. It is used for 
grass, and in wet seasons is often flooded with water. Logs occur quite 
deep down, in a soft mud in which poles can be thrust for several feet. 
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North America in the Ice Period. 

Candid geologists admit that no part of their Icnowledge is so obscure 
as that of the cause of glacial cold. Various theories have been sug- 
gested to account for it, but none of them command universal accept- 
ance. Before it can be properly answered, we shall find it necessary 
to consider somewhat the conditions of glacial envelopment, the dimen- 
sions of the areas occupied by the ice, and the directions in which move- 
ment has been effected. In such a study we shall find it necessary to 
look far beyond the confines of New England, for the movements in this 
comparatively limited area are unlike those occupying the greater part 
of the continental ice-sheet. Some of the difficulties we have expe- 
rienced in generalizing our observations result from the smallness of 
our field of study, I will therefore present upon a small map of the 
north-east portion of our continent a delineation of the areas occupied 
by the ice in its period of maximum development, with arrows to indi- 
cate the principal directions of movements. An examination of this 
map, with a brief description of the principal features of glaciation may 
furnish the means for satisfactory generalizations respecting the origin, 
extent, movements, and duration of the ice-sheet. 

The Alps of southern Europe furnish the most accessible example of 
glaciers in action, with indications of greater extent in the ice-period. 
The higher portions of the range are occupied by immense fields of 
snow, which are the source of the numerous glaciers pushing out from it 
on every side, both towards Switzerland and France on the north, and 
towards Italy upon the south. These glaciers may be said to radiate 
from a central line of dispersion. In the Alpine district the accessible 
glaciers behave like streams of water, occupying only the bottoms of the 
valleys, and descending to the lower levels apparently in obedience to 
the laws of gravity. A study of the former extent of these glaciers indi- 
cates their former extension across the valley of Switzerland to the Jura 
mountains. The Rhone glacier moved over the great valley to the Jura 
mountains, occupying an area So miles wide, 150 long, and 2,000 feet 
deep. Lateral, medial, terminal, and ground moraines occur in connec- 
tion with all these glaciers. Large boulders have been transported from 
Mt. Blanc to the Jura. 
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An example more nearly analogous to our own is afforded by the former 
extension of the Scandinavian glaciers. Erdmann's map represents strije 
pushing northerly into the Arctic ocean; south-easterly, in the promon- 
tory between the gulfs of Finland and Bothnia; south-east and south, 
varying west of south, also, in the lower part of Sweden; west, north- 
west, and south-west, in Norway towards the Atlantic ocean. Croll sup- 
plements this map, by showing the continuation of the southerly course 
into Prussia; a bending of the direction to conform with the Baltic sea, 
passing over Denmark to both the south and north of England. Scot- 
land and England are made to send off additional ice-currents; and the 
western edge of the ice-sheet reaches to west longitude 14°, or as far as 
the seaward limit of comparatively shallow water. This area is certainly 
1,700 miles wide, and 1,500 from north to south. This will compare 
favorably in size with our American glaciated area. The latest author- 
ities show that the phenomena are all explicable by the existence of a 
principal central ridge of dispersion in Scandinavia and subordinate ones 
in Great Britain ; also, that there is no evidence of the flow of ice from 
the polar regions into northern Europe. There exists, therefore, a close 
analogy between the glacial conditions of Scandinavia and North Amer- 
ica ; — and if the former can be explained upon the theory of a centre of 
dispersion, so can the latter. 

Before considering the location of the American centre of dispersion, 
it will be well to recall the glacial conditions existing at the present time 
in Greenland, since they will illustrate the state of things in New Eng- 
land during the period of the greatest cold. We discover there how the 
ice can move up hill, and how the ground moraine can be formed. 

Glaciers in Greenland. 

Greenland was discovered by Gunnibiorn in 872. In 983, Eric the 
Red, banished from Iceland, established a colony near the south end of 
Greenland, imposing upon it the name it now bears. The settlement 
prospered ; and indications of civilization left behind by these Norsemen 
exist as far north as Upemavik (latitude 72" 50'), or as far north as the 
stoutest ships of modem times can sail without encountering serious 
risk. The population increased sufficiently to require the ser\'ices of a 
bishop; and a list of seventeen of them, from 1126 to 1406, has been 
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preserved. A change of political relations led to the destruction of the 
commerce between Greenland and Scandinavia, and, followed by attacks 
of pirates, and the Skraellings or Esquimaux, led to the complete exter- 
mination of the Norse colony. The history of the last man has been 
preserved in Icelandic annals, whose death occurred early in the fifteenth 
century. Europe has been in doubt respecting the fate of this colony 
ever since, it having been claimed very recently that it was established 
on the eastern coast, and that the descendants of the original settlers 
might still be found there, shut off from the rest of the world by ice 
that had increased in amount since the last ship had communicated 
with them. The name East Greenland has led to confusion, since it 
might be interpreted to signify the coast looking towards Iceland instead 
of Baffin's bay. The most southern of the settlements upon the south- 
west coast was east of the others, and hence the use of the term East 
Greenland. The ruins of ancient churches and monuments found on 
the south-west coast clearly confirm the truth of the Icelandic sagas. 

The island is almost continental in dimensions (perhaps consisting of 
an archipelago), being over 1,200 miles long and 400 broad, as far as 
from Boston to the mouth of the Rio Grande, or to Utah. The interior 
is covered by a field of ice, never entirely traversed by any human being. 
From three points attempts have been made to learn something ot its 
nature. In 1830, Keilsen went 80 miles inland from Holsteinberg (lati- 
tude 67°), reaching the edge of the ice-sheet, which could not be climbed. 

Nordenskiold, in 1870, went in 30 miles, reaching the altitude of 2,200 
feet. He observed that the ice rose gradually towards the interior. The 
outer edge is a high wall. Once entered upon the broad surface of the 
ice, it is like travelling upon the sea, away from all sight of land. From 
North Greenland Dr. Hayes penetrated to a distance of 70 miles. It 
was a day's journey to the wall from the sea. The second day was spent 
in climbing to the table-land; the third day allowed a progress of thirty 
miles, the angle of ascent falling from 6° to 2°. On the fourth day an 
ascent of s,ooo feet was reached, not the highest point, — but the weather 
became too inclement to permit a longer stay. The view was that of a 
frozen Sahara, immeasurable to the human eye. 

It is probable that Greenland slopes westerly in general, thus placing 
the highest ice-ridge near the eastern border; for there are very few ice- 
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bergs off the eastern coast, such as would be seen if the glaciers dis- 
charged themselves as they do upon the western side. At the rate of 
increase indicated by the observations o£ Hayes, the height of land may 
be averaged at S,ooo feet, and the thickness of ice above it as 10,000 feet. 
This flows mainly into Baffin's bay. Smith's sound, and the other waters 
to the west. A northward transportation is indicated at Polaris bay, 
where Dr. Bessel found numerous granitic rocks containing peculiar 
garnets, such as abound in South Greenland, resting upon Silurian lime- 
stones. On the western side are no less than thirteen well marked gla- 
ciers discharging their bergs into the sea, as far north as Upernavik, 
about 73° north latitude. The largest ones occur further north, some of 
them being 3,000 feet thick. The bergs derived from them are of this 
thickness, as measured by Hayes. The Humboldt glacier enters Smith's 
sound with a width of 60 miles, the ice-cliffs, from 50 to 300 feet high, 
extending 2,000 feet deep in some places. The adjacent rock-cliffs are 
500 to 1,000 feet high. 

The derivation of icebergs from glaciers is well proved. The glacier 
pushes down the fiords into the sea, till the buoyancy of the ice, lifted up 
by the waters, causes it to separate in large blocks which float out to sea, 
urged onwards by the land motion, and afterwards by the oceanic cur- 
rents, Baffin's bay and Davis straits are filled with these bergs, which 
float southerly till the warmer air and water of the lower latitudes dis- 
solve them. It is uncommon to see them as far south as 40° north lati- 
tude. The romantic history of Tyson's party illustrates the long con- 
tinuance of floating ice. This party consisted of nineteen persons, and 
they floated southwards 1,800 miles in six months' time, before they were 
rescued, — October 16 to May i. 

These bergs often carry earth and rocks in immense amount. Scoresby 
saw some carrying from 50 to 100,000 tons of material. Every Arctic 
traveller describes them. This rubbish falls to the bottom as fast as the 
bergs melt or topple over. It has been suggested that much of the 
Great Banks of Newfoundland has been accumulated from the leavings 
of icebergs. 

Greenland may be compared to a broad platter slightly inclined west- 
erly, with occasional chinks in the sides through which the ice discharges 
itself, as if it were a viscous body. We might say the ice accumulates 
VOL. III. 41 
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in immense amount til! it makes a conical pile like a heap of grain upon 
a floor. When additions are made to the grain upon one side, a motion 
is induced, and more of the kernels will flow down on that side than 
were added, because of cohesion. If the floor be slightly inclined, the 
flow of grain would be greatly facilitated. In a similar manner we may 
believe the flow of ice down certain valleys will carry with it other parts 
of the ice sheet, even where much of it is dragged over hills. This rise 
would always be less than the amount of descent from the top of the ice 
accumulation. With the ice would be carried the blocks of stone im- 
bedded in it through the pressure of the weight of the overlying mass. 
Except near the coast, none of the Greenland ice would show boulders 
upon the surface, because, unlike the Alpine »ier de glace, the mountains 
are entirely covered, and no moraines could be accumulated by the fafl- 
ing down of fragments from the hillsides. The moraines of Greenland 
are therefore different from the ordinary heaps displayed on the sides, 
tops, and ends of Swiss glaciers; they must accumulate mainly beneath 
the ice-sheet, and not be visible so long as the ice remains unmelted. 
The finer parts and the favorably situated blocks would, however, be car- 
ried along with the glacier to some extent, to be distributed eventually 
as submarine deposits, or to become a species of residual moraine after 
the melting. 

Further peculiarities of distribution appear in connection with the sub- 
glacial streams. From the ends of the glaciers issue muddy torrents 
derived from the melting of the ice. Immense supplies of heat pene- 
trate the ice from the sun's rays, which must give rise to very much 
water, seen also in the numerous surface lakes and streams. As all 
water seeks the lowest levels attainable, these currents will find a place 
at the bottom of the ice-sheet, and wear away the rocks and ground- 
moraines already accumulated into the sea. Hence will arise banks of 
earth or clay more or less continuous from the ice cliff to the point 
where the current ceases to transport material. In these banks would 
be found remains of such marine animals as lived in the vicinity. These 
deposits remind us of the fossiiiferous clays along the coast of New Eng- 
land, sometimes attaining an altitude of ijo feet. Boulders would occur 
in this clay, brought by bergs, so that it might be styled boulder clay. 
This deposit is analogous to that called the Champlain clays. 
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Evidence has been often stated showing that the south end of Green- 
land, for a space of 600 miles, is sinking, and the north end rising. 
Tyson and Bessel spealt of marine shells found 1700-2000 feet above 
the sea level near Polaris bay. If there were shoal water between 
Greenland and Labrador, the glaciers would push across to the main land 
of the American continent. 

The American Centre of Dispersion. 

It seems probable from the latest grouping of facts that some part of 
the Labrador peninsula may be considered as the centre from which the 
ice west and south-west from Greenland has radiated. Greenland may 
be regarded as an area by itself, never confluent necessarily with the 
Labrador or principal American ice-sheet. The various facts in support 
of this view will now be stated. 

The greatest amount of glaciated territory indicates a south-westward 
course. This is seen over the highlands between Hudson's bay and the 
St. Lawrence valley, the valley itself, western New York, Ohio, and so 
on to the extreme west edge of the drift. It is very prominent from the 
Lake of the Woods and Lake Superior, near the national boundary to 
the Rocky Mountains. In New England the dominant course is south- 
easterly, with both south and west of south directions. The same is 
true of New Brunswick and Nova Scotia. Accounts differ for New- 
foundland. J. F. Campbell's observations indicate greater variation, 
possibly a radiation in every direction. Murray's observations are said 
to show a south-westerly course, but a recorded observation from him is 
about S. 30° E. On the east coast of Labrador the map shows several 
fiords, as if there had been an ice-sheet upon the upper part of the 
peninsula moving north-east and east. Hind finds glacial markings on 
the Moisie river, and notes a remarkable absence of boulders up to 1,000 
feet in height. He does not state in what direction the ice moved. Prof. 
O. M. Lieber's sketches in the coast survey report do not suggest uni- 
versal, but local glaciation, as if the ice came from the peninsula itself, 
not from Greenland. Packard describes glacial markings in the Hamil- 
ton inlet fiord running to the north-east. On the southern shore, Packard 
thinks the movement was to the south-east, towards Newfoundland. 
Farther north, the Meta incognita just north of Hudson's straits shows 
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an extensive iner de glace with glaciers moving southerly, and, most 
likely, northerly also. McClintock describes boulders at Leopold har- 
bor (North Somerset), and at Graham Moore bay (Bathurst island); 
which have been transported lOO and 190 miles north-east and north- 
west. West of Hudson's bay, all explorers describe glaciated conditions, 
but give scarcely any data to enable us to learn the direction of the move- 
ment. In Franklin's first voyage (1819-22), loose stones are described, 
whose "angular forms" militate against their having travelled great dis 
tances. In his second voyage are quite a number of notices, implying 
transportation in a westerly direction. 

There is a marked difference in the distances to which boulders have 
been transported by the south-west and south-east currents. The latter, 
as indicated heretofore, are not known to have travelled as much as 100 
miles. The average distance may not exceed 12 to 15 miles, and there 
are no boulders in New Hampshire that have come from the north side 
of the St. Lawrence, nor from great distances in Maine on the north- 
east. In Ohio many have come from more than 100 miles. Boulders of 
native copper in Iowa and Wisconsin have travelled from 300 to 465 
miles. The greatest transportation in the north-west region has been 
that of boulders from the Lake of the Woods, 700 miles towards the 
Rocky Mountains, upon British territory. Transportation upon ice-floes 
or bergs has been greater, as from Canada West to Baton Rouge, La. ; 
but the others were mostly ice carried. The greater south-west trans- 
portation seems to be connected with topographical features, viz., the 
continuation of this St. Lawrence valley to the south-west and south. 

The distance of observed continuous south-westerly striation from the 
Laurentian highlands to the base of the Rocky Mountains is about 1500 
miles. From central Greenland to the same place it exceeds 3500 miles. 
We have the means for determining approximately the thickness of the 
ice-sheet requisite to cause a flowage. It would require an average 
slope of about one half of a degree to make the ice move reasonably 
fast. This is forty-six feet to the mile, or one foot rise in every 115 
feet of distance, or one mile for every 115. These data would necessi- 
tate an ice-cap 13 miles high if the centre of dispersion were in Labra- 
dor, or 22 miles for the whole distance to centra! Greenland. Making 
use simply of what would be required to move the ice over New Eng- 
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land, we find that 800 miles represents the distance to central Labrador, 
requiring a cap 7 miles higher than Mt. Washington, or over 8 miles thick 
in all. If the movement came from Greenland, the distance is estimated 
at 2,000 miles, and the elevation of the ice-cap at 17 miles above Mt. 
Washington Prof. Dana, from somewhat different data, obtains smaller 
results. Assuming the starting-point to have been on the height of land 
between the St, Lawrence and Hudson's bay, and the descent at 15 feet 
per mile, the sheet must have been at least 13,000 feet thick above the 
land to carry it over Mt. Washington. These figures sound less formid- 
able, but the slope does not seem adequate to have produced the results. 

Prof. Torell, of Sweden, read a paper before the American Association 
for the Advancement of Science, in 1876, advocating the source of the 
American drift to have been in Greenland. He writes thus : * 

It has been the opinion of manj- distinguished American geologists that the source 
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highlands of Canada. If, therefore, tlie phenomena of the northern and eastern 
United States, usually supposed to be glacial, are indeed such, and if there is not suffi- 
cient reason for assuming the Canadian highlands to have been the source of the 
glaciers which produced these phenomena, then the source of them must be sought for 
elsewhere, 

I think it will be conceded by al! geologists who have studied the glacial phenom- 
ena of these regions, that both the character of the erratics and the direction of the 
scratches upon the rocks show that this source must lie to the north-east. Following 
the line of the glacial movement across Baffin's bay and Davis straits to Greenland, 
we find the largest body of land in the northern hemisphere covered by ice and snow 
to a depth of not less than 2000 feet, and at this moment sending down its icebergs as 
far as the middle Atlantic. From the sixtieth degree of latitude to above the eightieth, 
this vast area of land is known to be ice-covered, and from the scarcity of the icebergs 
upon the eastern compared with the western coast of that land, it may be concluded 
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that the general slope of the land is to the south-west, and in exact direction of the 
glacial markings of what b known to have been the course of the transported boulders 
in north-western America. Moreover, if we bear in mind the certainty that during the 
glacial period the glaciers moving from the height of Greenland towards Ihe sea could 
not have formed detached icebergs as now, but must have for the time blocked up all 
avenues except the one of easiest escape for the immense accumulations of ice, we 
may easily assume this avenue was south-westward across British America and the 
north-eastern part of the United States. 

Prof. Dana accepts this theory, saying that "we [self andTorell] agree 
in all essential points." A few suggestions have occurred to me, to the 
effect that the Greenland theory is untenable, (i) Accepting the notion 
that the ice moves as Croll proposes, on the molecular theory, there must 
be a piling up of ice to an enormous thickness, as much as twenty-two 
miles, to account for a motion from Greenland to the extreme south- 
west known limit of the ice-sheet, (2) The bridging of Davis straits 
seems very difficult to explain. The water is deep, and the straits or bay 
(Baffin's) wide, sufficiently so, it would seem, to discharge all the glacial 
products poured into it from either side. (3) Good instances of a north- 
ward transportation have been mentioned, the best known being north- 
ward from Hudson's bay. The great lack of observations of such a 
nature everywhere to the north of the Laurentian water-shed renders 
affirmation of their presence or absence valueless. Some have said that, 
on account of the cold, there would be little motion northerly. (4) The 
Labrador peninsula seems to me to offer a good situation for the accum- 
ulation of an ice-cap large enough to account for all the phenomena. The 
fiords on the east indicate north-east movements of the ice; and three 
other courses have been mentioned, so that we find good evidence of 
motion in four directions from the central table land. Supposing this a 
centre, Greenland would have been a second, of equal or greater height, 
and the two would discharge their surplusage into the Atlantic. A cap 
of thirteen miles would be required for the thickness of this ice, if there 
were a flow from it to the western edges of the plains, (5) The growth 
of Greenland and the neighboring parts of the continent suggests the 
origin of the great basins, as of Baffin's bay, in Eozoic times, and a prob- 
able submergence ever since. The Hudson's Bay depression is similar 
(see Fig. i. Vol, H). The Miocene deposits of Baffin's bay were made 
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in the earlier formed basin, but did not fill it up. There was rather more 
subsidence, showing that the tendency in modern times has been to 
enlarge rather than restrict the size of the hay. 

(6) The coldest part of the continent lies to the west and north of 
Hudson's bay. A comparison of meteorological tables given in various 
arctic expeditions indicates a greater average degree of cold in the west — 
say at Fort Reliance in Rupert's Land — than very far north. No greater 
degree of cold has been observed, but a lower average is reported for 
Greenland. For example; the lowest temperature indicated during the 
whole of one winter on the Hansa, which drifted along the entire east 
coast, was only — ii° F. On the contrary, the average temperature for 
the four winter months, — December, January, February, and March, — 
for 1833-34. 3t Fort Reliance, as reported by Capt. Back, was — IJ^-Q. 
For the winter ensuing, the average temperature for the same months 
was — 21°. 8. The Mackenzie valley, and the regions to the north-east, 
are noticed in meteorological treatises as remarkable for their cold. Be- 
ing so very cold, the continental parts west and south-west from Green- 
land would be favorable for the preservation of ice in the summer, and 
thus for its accumulation in enormous sheets as time progressed. 

Map op North America. 

I have prepared a smail map of the northern part of the continent to 
illustrate the dispersal of the drift. Observations will be found recorded 
there, indicating the directions of the movements in all the states and 
provinces so far as known. Reference to it will save much time in 
description. There is also represented the southern limit of the ice- 
sheet, the driftless area of the north-west, and the boundaries of the 
territory occupied by' the Champlain deposits, termed the "Orange 
sand," by Prof. Hilgard, All the geological reports of the several states, 
provinces, and territories, besides other volumes too numerous to be 
cited here, have been consulted for the preparation of this map, and it is 
believed to represent accurately the existing information respecting the 
dispersal of the drift. Where several courses have been described in a 
limited territory, only the predominant one can be given because of the 
smallness of the scale. Nor is the Rocky Mountain area delineated, 
since that belongs to a different centre of dispersion. 
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The facts seem to bear out the theory presented above of radial dis- 
persion from the Labrador peninsula in all directions except west and 
north-west. Observations are wanting for that part of British America. 
There seem to have been three centres of dispersion for our continent 
when the ice possessed its maximum development : Greenland, Labra- 
dor, and the Rocky Mountains. There seems, also, to have been a move- 
ment of icebergs up the St. Lawrence valley, possibly coeval with the 
Orange sand deposit. 

Cause of the Glacial Cold. 

Various theories have been proposed to account for the reason of the 
very severe climate of the glacial period. First, was the view that 
earthquake-paroxysmal waves passed southerly over both continents. 
Second, came the iceberg theory, involving a submergence of over 6000 
feet to explain all the phenomena. Third, the extreme glacial theory 
received much favor, where an elevation of the land was relied upon to 
produce the cold. If the Jand were extensively elevated, extreme cold 
would result, both because of increased cold in mountainous regions, and 
the deflection southerly of the warm oceanic currents. Both the iceberg 
and extreme glacial theories involve more extensive earth-movements 
than have appeared before in geological history, and hence do not fully 
commend themselves to general acceptance. There is no objection to 
the adoption of a modified glacial theory, such as has been advocated by 
A, S. Packard, Jr., where only 600 feet of elevation is called for to ex- 
plain the phenomena.* Prof. Dana, in the last edition of his Manual, 
seems to accept a modification of the enormous elevation — 5000 feet — 
advocated in the first edition, though he does not say how great an up- 
rising of the land is called for. 

The less extreme our theories, and the less the variation from existing 
conditions required by our suppositions, the nearer will be their approxi- 
mation to truth. The following conditions probably existed, and by 
their combination brought about the extreme cold. i. Elevation of land 
in the northern part of the continent for a few hundred feet, accom- 
panied by the necessary partial withdrawal of the warm oceanic currents 
in both the Atlantic and Pacific oceans. 2. Coincidence of longer 

• Memalt! Bs!tsH Sxiily ^ Natural Hiiteri^yoV i, p. ;6o. 
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winters than summers, induced by precession of the equinoxes, with a 
period of great eccentricity of the earth's orbit. This might have been 
cited as a fourth theory of glacial cold, and has been abundantly pre- 
sented earlier in the volume, page s. ^l J^?- The coincidence of these 
astronomical and physical conditions would be fully adequate to produce 
the intense cold. 3. Some authors add the existence of conditions 
favorable to the abundant precipitation of moisture in northern regions. 
Certain collateral conditions seem to have been connected with these, as, 
4. The greatest accumulation of frozen moisture seems to have been 
about Labrador and Hudson's bay, whence it pushed outwardly in all 
directions, but mainly southerly, because that was the direction of least 
resistance. 5. The accumulation of several miles thickness of ice seem 
necessary in order to understand how motion could be induced. The 
land about Labrador is not so high as the mountains of New Hampshire, 
and we cannot reasonably assume such an enormous elevation of it as 
would be required to cause the flow over New England, or to the plains 
of Dakota. 6. The adoption of Croll's Molecular theory of ice-motion, 
or something similar to it, seems necessary. 7. The New England 
south-east movement probably resulted from the overflow of the St. 
Lawrence basin. The ice must have accumulated sufficiently to over- 
flow the St. Lawrence-Connecticut water-shed before it could have 
moved over the White Mountains, 8. How extensive the earlier south- 
west movement over much of New England may have been is not yet 
determined. Only scanty traces of it remain. 

Inter-Glacial Deposits. 

Messrs. Geikie and Croll insist upon the existence of warm periods in 
the midst of the long glacial winter sufficient entirely to melt the ice, 
and give rise to a succession of cold eons, alternating with the warm 
ones. Mr. Upham has already referred to the untenability of this posi- 
tion, page 7, and has described phenomena similar to those called inter- 
glacial by the Scotch authors {pp. 108, 131-137, 163, 164, 176, 290). It 
seems very clear that there are no phenomena in New Hampshire re- 
quiring us to accept the view of a succession of ice-periods. When the 
ice had once formed, it must have continued to rest upon the land 
VOL. III. 42 
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until the removal of the eccentricity of the orbit restored the i 
conditions. 

Two suggestions respecting the probable origin of ali the inter-glacial 
deposits found in New Hampshire will not be out of place, i. An ex- 
planation of Prof. Torell, of Sweden, is adequate to account for the 
example underneath the lenticular hill in New Ipswich,* and any other 
stratified beds in similar position. He represents that as the glacier 
commenced to exist and to move extensively, there must accumulate in 
favorable localities many stratified glacial deposits, so that a geological 
section of the edge of the ice would present (a) pre-glacial beds ; (i/) 
stratified glacial deposits; (<:) a ground moraine; (</) the ice with its 
terminal moraine. Hence the advancing glacier may often cover strati- 
fied sandy deposits not of inter-glacial origin. 2. Our sections indicate 
that the stratified beds commonly occur between the lower and upper 
tills, as in Figs. 29, 32, 34, and 36. The Champlain fossils occupy the 
same position in the Portland section (Fig. 59). Assuming the correct- 
ness of our views regarding the origin of the two tills, all the inter- 
glacial phenomena are beautifully explained. It is not to be presumed 
that no variations in the position of the edge of the ice-sheet existed. 
The outer limit must have varied very much from time to time, just as 
it does at the present day in existing glaciers. When the ice retreated 
a few thousand feet, its melting would give rise to currents transport- 
ing sand. A change in temperature, or other conditions causing a re- 
advance of the ice-sheet, would cause the stratified beds to be covered 
again, and the mass might even push a short distance over marine 
deposits at the ocean border. But no ground moraine made its appear- 
ance with this readvance. No deposits were left behind except the 
debris contained in the ice itself, or upon its surface; and this fell to 
the ground during the melting process, and now remains as the upper 
till. This distinction between the tills has been lately recognized by 
English and Scotch authors. It also appears that the British inter-gla- 
cial beds occupy the same position with ours between the two kinds of 
till,| so that probably our explanation of the New Hampshire beds would 
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fit the corresponding cases in Europe. In such case the name "inter- 
glacial" would still be applicable to them, although not in precisely the 
same sense in which the term is now understood. The preposition 
inter would signify a place between the two tills. These do not prop- 
erly represent two glacial periods: they are different accumulations pro- 
duced by a single ice-sheet, with a varying outer edge. 

Length of the Glacial Period. 

I desire to call attention to another feature of glacial history that has 
, been overlooked. Granting that the cold period commenced 240,000 
years ago, as determined by the orbital changes, it does not follow that 
it terminated 80,000 years since, when the extreme eccentricity disap- 
peared. The conditions would have been analogous to the state of 
things observed every year in our climate. The extremest cold of win- 
ter does not occur at the shortest day, but fully six weeks later, while 
the snow may continue till the iirst of May, though usually disappearing 
by the middle of April, so the great glacial winter would not have termi- 
nated with the end of the cycle. The prodigious quantities of ice and 
snow covering the northern latitudes would not have allowed the return 
of spring for many thousand years. If we were authorized to compare 
directly the annual duration of winter after the shortest day with this 
glacial period, it would be possible to fix the date of the disappearance of 
the ice. About one fourth part of our year elapses between the winter 
solstice and the vernal equinox. A fourth part of the long glacial winter 
would be 40,000 years. This would bring the close of the glacial, or, 
better, the Champlain period, to an epoch 40,000 years ago. If there is 
any variation from this estimate, it appears as if the subsequent period 
would have been shorter rather than longer, because of the enormous 
quantity of ice to be melted. 

The description of the events occurring in the Champlain period, such 
as the deposition of the kames and terraces, shows that the time of melt- 
ing need not have been greatly prolonged. The kames, being laid down 
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in ice-walled ravines, could not have taken many years for their accumu- 
lation; and if the higher terraces are remnants of the immediately suc- 
ceeding freshets, there is no reason to believe tliem long contintied. Fol- 
lowing out the analogy of seasons as already commenced, this should be 
compared with the spring freshets. These require very little time for 
their rise, culmination, and termination, while they may occur at succes- 
sively later and later points of time, as you pass from the mouth to the 
source of the streams flowing southerly. 

The time when man was introduced is connected with the figures as- 
signed for the termination of the glacial period. There seems no like- 
lihood that our ancestors would have found the conditions of life favorable 
to their existence among the glaciers, so that they would not have emi- 
grated here from warmer latitudes before the Champlain period. No 
certain evidence of man eariier than the Champlain period has yet been 
discovered in any part of the world. Hence there is little reason to be- 
lieve he was introduced more than 40,000 years ago.* 

Recent Scotch authors insist upon a greater antiquity for man than 
this, because his implements have been found in the inter-glacial beds, 
thus carrying him back at least 100,000 years. The observations stated 
above intimate the unreliabihty of the theory respecting the great antiq- 
uity of these inter-glaciai beds. Those in New Hampshire can all be 
accounted for without assuming the intercalation of warm periods into 
the glacial age. It would be ungracious to assume that our phenomena 
should be taken as the standard of measure for those elsewhere; but as 
very few other writers have perceived the distinction between the lower 
and upper till, we desire to be informed whether their inter-glacial beds 
cannot be referred to a place between the two kinds of drift, before ac- 
cepting the Scotch conclusions. The use of astronomical calculations 
in the determination of the duration and definite place of the glacial 
period is of great importance, and if thoroughly proven will form a basis 
for the establishment of a geological chronology, not merely for the latter 
part of the Cenozoic, but of all time, even to the era of the Eozoon or 
the simpler denizens of the Eophytic period. 

Mr. Upham has prepared some brief statements respecting the relative 
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heights of land and sea during the glacial and Champlain periods. They 
are the result of much reflection upon his part, and are worthy of careful 
consideration. 

Changes in the Relative Heights of Land and Sea during the 
Glacial and Champlain Periods. 



Evidence has been found of the accumulation of immense ice-sheets, 
probably in the same epoch, over the north part of America, Europe, and 
Asia, also in New Zealand and the south part of South America. This 
points to some cosmical cause for the glacial period, like that assigned by 
Croll, rather than to the causes appealed to by Lyell and Dana, namely, 
elevations of the earth's crust. It would be a very improbable coinci- 
dence that such extensive regions surrounding both poles should be thus 
elevated in the same period; but these would obviously be the parts of 
the globe to be covered by ice if its origin was due to eccentricity of the 
earth's orbit. There seem to be reasons (pp. 7-9), however, to discredit 
the coiicUision of Croll, that the ice-sheets were alternately wholly melted 
away in each hemisphere once in every 3 r,ooo years ; instead of which 
it seems probable that the ice-mantle existed upon both hemispheres at 
the same time. 

The effect of this extraordinary accumulation of ice about the poles 
would be to take away a large amount of water from the ocean, and, fur- 
thermore, to draw the sea, by gravitation, away from the equator, leaving 
the sea-level lower than now within the tropics, but at the same time 
causing it to rise even higher than now near the lower hmit of the ice- 
sheets, and much higher than now near the poles. Marine shells in the 
modified drift show that the sea thus rose 150 to 200 feet above its pres- 
ent height in the latitude of New York city; 500 feet in the valley of the 
St. Lawrence; and 1,000 to 2,cxx) feet in arctic regions. Everywhere in 
high latitudes, both in the northern and southern hemispheres, we have 
proof of such a submergence of the land when the drift was accumulated, 
increasing in amount the nearer we go to the poles. On the other hand, 
the coral islands of the tropics are witnesses of a depression of the sea, 
amounting to 3,000 feet or perhaps much more at the equator, while dif- 
ferent proof shows that at the mouths of the Mississippi, Ganges, and 
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Po rivers it was at least 400 feet. If we reflect upon the widespread 
changes of sea-level that marked the glacial period, occurring only where 
they would be produced by taking water from the sea to form the ice- 
sheets, and by gravitation through their influence, and if we compare 
these recent simultaneous changes with the general stability of the con- 
tinents, it seems reasonable to attribute them to movements of the sea 
rather than of the land. 

In North America the southern edge of the ice-sheet varied from 38'' 
to perhaps 50° north latitude. Nearly all of the continent north of this 
line, with portions of the sea next to the coast, the archipelago farther 
north, and much of the Arctic ocean, Hudson's and Baffin's bays, and 
Greenland, were probably covered by ice in the glacial period. This 
would be about one twenty-fourth part of the whole area of the globe. 
In the eastern hemisphere, Europe and Asia were apparently overspread 
by ice as far south, on the average, as to 50° north latitude. The North 
and Baltic seas, and a considerable part of the Arctic ocean, are to be 
added, making an area, as before, equal to about one twenty-fourth part 
of the earth. The glacial sheets of the antarctic continent and adjacent 
ocean, with Patagonia and its sea-border, were probably equal to each of 
the foregoing, so that in all about one eighth of the earth's surface was 
covered by ice. If a slope of one half of a degree is needed to cause 
the motion of these sheets of ice, an estimate of four miles for their aver- 
age depth does not seem to be too great. The removal of the water thus 
taken from the sea and stored up in accumulations of ice would lower 
the surface of the ocean more than a half mile. 

The effect of the ice-caps to draw the sea towards the poles remains 
to be considered. Because the ice was limited to high latitudes, its influ- 
ence to raise the ocean over these areas would be much greater than if 
the same amount of ice had been spread in a thin covering, reaching, with 
gradually decreasing depth, to the equator. It may therefore be near the 
truth, to consider the effect in gravitation over glaciated regions to be 
the same as would result from an increase of the polar diameter by twelve 
miles of ice. This would be massed, as we have seen, in the proportion 
of two to one about the north and south poles, the greater part being 
accumulated in the northern hemisphere; still, the effect upon the sea- 
level would be nearly alike about both poles, in the same way that the 
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moon produces two tides, one on the side next to it, and the other ex- 
actly opposite on the earth's surface. Now the specific gravity of ice, 
compared with that of the earth as a whole, is ahout as one to six. 
Therefore the ocean would be raised one mile at each pole, or nearly 
a half mile above its present height. At the same time, because all 
the ice was massed in high latitudes, it seems probable that everywhere 
within the tropics the sea would fall, through the influence of gravita- 
tion, below the depression of a half mile, which resulted from the removal 
of water to form ice. 

These glacial sheets, when at their greatest extent and depth, caused 
the sea to rise 200 feet higher than now at Long Island, as shown by ma- 
rine shells. At a somewhat later date, when the ice-front was retreating, 
the sea stood on the coast of New Hampshire and Maine 150 to 335 feet 
above its present level. Probably at this time so much of the ice north- 
ward had disappeared that this height does not correspond to that of 
200 feet at Long Island ; for we have evidence (in the sub-marine chan- 
nel of Hudson river) that after the ice began to retreat, the sea-level at 
New York was depressed till it was at one time 600 feet or more below 
its present height. When the sea was elevated 200 feet upon the coast 
of Maine, or perhaps later, it stood 500 feet higher than now in the vicin- 
ity of Montreal and along the St. Lawrence valley. This somewhat 
greater height than we might expect seems to have resulted from prox- 
imity to vast depths of ice resting upon the highlands of Canada and 
Labrador, Near the middle of the Champ!ain period, when the ice-sheet 
over the northern United States and the south part of British America 
had principally melted away, but while immense ice-fields still lay farther 
to the north, the amount of water restored to the ocean would not proba- 
bly raise it more than half of the whole amount that it had been de- 
pressed. At this time the tendency from gravitation to raise the sea- 
level at the latitude of New York would be small, and no longer suffi- 
cient, as when the ice-sheet had its greatest extent, to counterbalance 
the depression, so that the sea might stand 600 feet or more lower than 
now at New York, while the Hudson must form a channel now covered 
by the sea. 

The testimony on this subject, which we have from Long Island and 
the submarine channel of Hudson river, may be summed up as follows : 
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When the ice-sheet over New York and southern New England melted, 
the sea stood, at least for part of this time, about 200 feet higher than 
now,* At this time the extensive plains of modified drift, forming the 
south side of Long Island and the submarine plateau that extends fully 
fifty miles south and south-west to the New Jersey shore, were deposited, 
being spread nearly level by the waves and currents of the sinking ocean. 
The valley of the Hudson river was also filled with modified drift to a 
height at Albany of 330 feet above the sea. The submarine channel 
proves that after this the sea-level was depressed at least 600 feet lower 
than now, while immense floods pouring down the Hudson valley exca- 
vated these deposits below our present sea-level from Albany southward. 
This channel at Haverstraw bay and the Tappan Zee is two to five miles 
wide. Its south-east portion with the areas on each side is now covered 
by the sea, but it is plainly traceable by soundings for more than a hun- 
dred miles south-east from New York bay.f This channel must have 
been excavated, as we have shown, after the melting of the ice-sheet 
over southern New England and New York, for otherwise it would have 
been filled with the modified drift which forms submarine plains on each 
side. 

Although the deposition of modified drift seems to have ended in this 
region before the sea was thus depressed and this channel of the Hud- 
son was formed, it still appears that very immense floods were discharged 
here. The ice had probably retreated from the most of New York state, 
and mainly from the basin of the great lakes, but still obstructed the St. 
Lawrence valley, turning a large part of the floods of this basin into the 
Mohawk and Hudson. This submarine channel thus appears to belong 
to the same epoch in which the beach-ridges about the great lakes were 
being formed. 

At the east edge of the sketch map f representing this former ex- 
tension of Hudson river, may be seen (south-south-east from Montauk 
point) the similar channel of Connecticut river in the same period, less 
notable than that of the Hudson, because the latter discharged vastly 
greater floods. A difficult point in our surface geology, which was be- 
fore unexplained, is made clear by this depression of the ocean below its 

•A bed of rajrine shells al Ihis height in ihc modified drifl of Long Island is described hy Mr, Elias Lewis, Jr., 
in P(,fuUr ScUnci McHlhly, voL. i, p. 4,0. 

1 Dana-s Mansa! s/ Gielogy, p. 44! ; new edition, p. ,13 ; and Popular Scirxcr Mi/lHtly, vol, k, p. 4J4, 
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present level, following the departure of our part of the ice-sheet. In 
the first chapter of this volume it was shown that very large amounts of 
modified drift were excavated by the rivers in deepening their channels. 
Taking Connecticut and Merrimack, rivers as examples, it seemed inex- 
plicable, if the ocean from being 150 feet higher than now simply fell to 
its present level, to account for the disappearance of all the modified 
drift eroded between the upper terraces of these valleys. This explana- 
tion of the Hudson submarine channel is made more worthy of our 
belief because it also solves this difficulty. If the ocean was thus de- 
pressed, the modified drift excavated would be carried by the descending 
streams beyond our coast -line. w. u. 

Origin of the Blue and Gray Clays. 

In the first chapter (pp. 94, 153-155, and 158-161), Mr. Upham has 
brought together various facts respecting the distribution of the blue 
and gray clays overlying the till. He finds that the former invariably 
underlies the latter. This is true throughout New England, but not in 
the Western States, where alternations of the two kinds have been ob- 
served. The reason of this invariable order in the east has never been 
given satisfactorily. In order to contribute to the solution of this prob- 
lem, I requested Mr. Upham to select for analysis typical specimens of 
the two tills and clays. Mr. G, W. Hawes presents the following as the 
result of their chemical examination. Only the iron percentages were 
determined : 

Upper tin. LQwf r till. Gray clay. Blue clay. 

Iron protoxide, . . 1.42 ^-75 2.75 3.17 

Iron sesquioxide, . . . i-S6 0.006 4.15 2.53 

The tills came from Alton, the clays from Dover. The facts indicated 
are, — the proportionate increase of the sesquioxide of iron in the upper 
over the lower till, and in the gray over the blue clay; also, the clays 
contain more iron than the till These facts are sufficient to explain the 
difference in color. They agree with the theory already propounded for 
the origin of the two tills, — that the first resulted as a ground-moraine 
from the pulverization of the rocks, and the second from the dropping 
VOL. in. 43 
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down of all the materials in the ice-sheet at the time of melting. The 
upper deposit would be loosely aggregated and more highly oxidized 
than the lower beds, because the opportunities for the addition of oxygen 
were more favorable. 

The very first question suggested by the position of the analyses is, 
whether the gray clay has not been derived from the upper and the blue 
from the lower till. The two classes of deposits agree in their chemical 
character, color, and superposition. I will advocate the affirmative an- 
swer to this question, and state how the conditions would favor such a 
derivation. 

The blue clay is not continuous throughout the Connecticut and Mer- 
rimack valleys, but occurs in definite and limited areas, as has been set 
forth in Chapter I. Its origin may be conceived to be like that of similar 
clays near the mouths of glaciers. The water gathering from the various 
sub-glacial rills gathers the fine clayey material pulverized by the motion 
of the ice, and transports it to some lake or place of comparative quiet, 
and the sediment is deposited as a blue clay. In Hooksett and Pem- 
broke is a mass of clay four miles or more long. Suppose that the gla- 
cier were still unmelted above Franklin, the pulverization of the rocks 
on the upper Pemigewasset would furnish an abundant supply of clay, 
which might have been transported to Hooksett before the current 
slacked sufficiently to allow the turbid water to settle. In this way the 
blue clay might have been formed, and it would have been derived alto- 
gether from the lower till. Subsequently, we may suppose, the ice be- 
gan to melt more rapidly, and the detrital residue, or upper till, would 
be subjected to carriage. The first result would be the soiling of the 
streams with the more oxidized clay, and there would be formed the gray 
deposit over the blue. In the continuation of the process, the streams 
would become still larger, and the material brought down would be sand 
covering the gray clay; or the gray clay may be conceived to be the re- 
sult of the washing of the upper terrace deposits. The finest particles 
in the case of a washing would be the first to show themselves low down 
the valley; and the material exposed is essentially the upper till. 

This view explains how the formation of clay may be connected di- 
rectly with the ice. The ice nearest the edge of the sheet, or on the 
ocean border, first melted, producing the upper till and a massive clay. 
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The next stage of the process would naturally be the deposition ot blue 
ciay, derived from the ice twenty or fifty miles away, and resting upon 
either of the tills where the glacier had once been present. When all 
the clays and sands had been suppUed to the second area, the scene of 
action was transferred to a locality still nearer the ice, and so on till the 
whole had disappeared. Throughout the valley the clays overlie the 
till, although the stratified beds low down may have existed while the 
lower ground-moraine was forming among the mountains. The order of 
the conditions and of the deposits was strictly uniform, although at the 
present time it is difficult to realize that a clay at Newburyport should 
have been formed earlier than the same material at Hooksett. Some 
have imagined that no clay was formed till after the entire disappearance 
of the ice. In that case, we could not have had two kinds of clay. The 
waters washing away cliffs would mix together the protoxide and sesqui- 
oxide debris, and the resultant deposit would be unlike either of the beds 
now situated beneath the many brick-yards. 

This view is in agreement with previously expressed suggestions about 
the rapidity of the accumulations of modified drift. The principal work 
of depositing the modified drift belongs to the epoch of the melting of 
the ice; and, following the analogy o£ spring freshets, the time must 
have been comparatively short, whether as compared with the antecedent 
glacial or the subsequent alluvial period. 

Mr, Hawes expressed different views about the origin of these clays 
when the analyses were returned, I subjoin extracts from his letters: 

My interpretation of those analyses was something as follows : Finding only iron 
protoxide in tlie lower (ill, I thought the analyses indicated that, at the time of its de- 
position, the whole till contained iron only in the lower state of oxidation ; that, beiag 
formed beneath the glacier by the grinding and pulverization of the rocks, it had no 
opportunities to oxidize. The upper till is lighter in color on account of the oxidation 
of its iron by the subsequent action of the atmosphere and percolating waters, which 
action has proceeded only to a certain depth. In being washed down into the valleys, 
a portion of the iron was oxidized, — and hence the lower clays contaia iron ojdde ; and 
after the clays were deposited, the external agencies of air and water, acting on them 
as on the till, oxidized more iron in the superficial portion, making them again lighter 
in color than the lower clays. Thus the two colors of the till and of the clay are both 
referable to one cause,— the action of external agencies that have been in operation 
since the time of the deposition of these deposits, and are still in progress, driving the 
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dividing line deeper down. The fact of tlie presence of more iron in the day tlian in 
the till is readily supposable, since iron is quite likely to be concentrated with the finest 
materials in the lowlands, leaving coarse pebbles beliind. This, I think, answers all 
your questions, as I had understood the matter ; but you will be the best judge as to 
the correctness of the suppositions. 

The second letter is as follows: 

In reference to the questions you propose in your last letter, you understand that I 
am unfamiliar with the field facts and the geological relationships involved, and so am 
not very able in my opinion. As I understand you, your opinion is, that the lower till 
was made from the clay derived from the grinding of the rocks by the lower surface of 
the glacier, and the upper till from the rubbish in and on the glacier, which was depos- 
ited on the melting of the glacier ; and that subsequently the lower blue clay was de- 
rived from the lower till, and the upper gray clay from the upper till, by transportation 
by water; and you put the questions, " Could the lower blue clay have been derived 
from the lower till by deposition in water? " and " Could such material be transported 
without oxidiiing the iron?" It does not seem to me that the lower clays could be 
derived from lower till, for if the washing took place after the deposition of the till, the 
strata of the till would be inverted in the clay beds, and the upper till would make the 
lower clay, since it would be the first to be transported by erosion. I do not think that 
material could be transported without any oxidation of ferrous compounds ; but as the 
lower blue clay contains ferric oxide, this is not necessarily supposed. I incline to my 
former opinion of the production of an upper gray layer, in both cases, by those pro- 
cesses of oxidation,— by the external agencies that are everywhere going on in the 
rocks as well as soils. If, now, as is believed, the end of the glacial period was accom- 
panied by great floods, and the latter end of the melting was rapid, the material in and 
through the glacier would not be deposited on the ground on top of the lower till, but 
would be washed away, and concentrated in the gravel beds. Clays in some cases may 
have resulted from the deposition of the finer portions, assorted by the rapidity of cur- 
rents ; but the material is usually coarse that rests on and in glaciers, and composed of 
broken fragments. The fine clay is that which is ground and pulverized by the lower 
surface grinding the underlying rocks. If, then, the till on the disappearance of the 
glacier was a substance uniform in composition from top to bottom, and of the same 
nature as the present lower till, then, by the action of running water, materia! from 
this bed might be transported to form clay beds without further oxidation of the iron 
than is shown by the difference between the lower till and lower blue clay. If the beds 
of both till and clay, as first deposited, were of the same nature as the lower beds at 
present, atmospheric and aqueous agencies would in time produce the differences in 
both now seen. 

In speculating upon this subject, I was at first troubled by the some- 
what similar origin of the upper till and blue clay, both in connection 
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with water. Why should the former be so much and the latter so little 
oxidized? Relief came by examining the analyses. The blue clay con- 
tains more sesquioxide than the lower till, just as would be expected from 
the nature of the deposit. Furthermore, all blue protoxide clays have 
come from deposition in water; — hence there is nothing abnormal in be- 
lieving in the origin of the lower clay from the older till. 

Order of Events. 

The following list of occurrences expresses our most recent opinions 
respecting the order of events occurring in New Hampshire in the Gla- 
cial, Charaplain, and subsequent periods: 

1. The country was covered presumably with forests of late Tertiary 
type, partly exhibited to us by the nearest fossils, yet of Eocene age, in 
Brandon, Vt. The beech, bass-wood, buckeye, Aristolochia, peperage, 
and cinnamon have been found there, with some others aUied to the 
conifertz. The change of climate induced by the change of land, com- 
bined with astronomical causes, would destroy most of these plants, and 
render the region sterile. Then the ice commenced to spread over New 
England, with alternate meltings of limited extent, so as to give rise to 
beds of sand and gravel. 

2. The ice accumulated in the St. Lawrence valley so as to flow over 
New England, possibly preceded by a south-west current. The whole 
country would have been covered by a sheet of ice, thousands of feet in 
thickness, — probably 7,000 or 8,000 feet in the lower part of the state, — 
flowing south-east towards the ocean. This was the period of the forma- 
tion of the lower till, and of the great terminal moraines of lower New 
England. The broad sandy plains of Cape Cod and Long Island mark 
the beginning of the Champlain period. 

3. The melting of the ice has progressed steadily until no more ice is 
supplied from the St. Lawrence valley. New Hampshire is now covered 
by local glaciers, pushing down the Connecticut, the Merrimack, and 
other streams. The lower fossiliferous deposits of the coast are coeval 
with these glaciers. Variable seasons cause temporary advances and 
retreats of the ice, and thus allow of conditions favorable to the produc- 
tion of the inter-glacial beds. 

4. The thermal influences prevailing, the ice is driven back to the 
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mountains ; the debris which it contained forms the upper till ; the 
kames show themselves, deposited between walls of ice ; and the valleys 
are filled with plains of modified drift, including the blue and gray clays. 

5. The terraces are produced hy excavations of the last formed de- 
posits; vegetation and animal life return; the horse and wild boar, whose 
remains have been found with us, flourished. 

6. A warmer period followed, as illustrated by the presence of the 
rhododendron, cedar, and other plants upon the land ; the quahog and 
oyster in the ocean, and the introduction of the American aborigines. 

7. A somewhat colder climate, only a few hundred years back from 
the present date, ensued ; New Hampshire was colonized by Europeans ; 
and the present type of civilization has abolished the forest and exter- 
minated the larger forms of animal life. 

Notes on the Surface Geology of Coos County. 

Bv J. H. HUNIINMON, 

Fluvial Deposits. Tliese frequently have Ihe appearances, as far as outline is 
concerned, of ordinary river terraces ; but an examination of tlie material of wliich 
tliey are composed sliows that they have an entirely different origin. In these the ma- 
terial is very coarse ; and we often find boulders 8 or 10 inches in diameter. Usually 
Ihey are not very extensive, and they are found only at the mouths of very rapid 
streams. The most extensive deposit of this is in Pittsburg, near the mouth of the 
stream wliich is the outlet of Back lake. Was all this coarse material, wbich occupies 
an area of many acres, brought down by the present stream? Mr. David Blanchard, 
who is well acquainted with the outline of the country, thinks that Perry stream once 
had its outlet here. The theory is very plausible, and there is little doubt but that such 
was the case. The barrier of rocks where the road crosses this stream, when it was a 
few feel higher than it is now, would have turned Perry stream into Back lake ; thence 
it would have followed the course of tlie present outlet of that lake. Most of the drift 
that has been brought down by Indian and Hall's streams is of the same coarse mate- 
rial. Another deposit of this character is in the town of Stark along Nash stream. 
Almost every stream that comes down from high lands or mountains has brought down 
immense quantities of this kind of material, but nowhere to the extent that has been 
done in the localities just mentioned. How was this deposit formed? The present 
amount of water could not, even at times of the highest floods, have brought down this 
material and deposited it as we now find it. The resource to which we are led to explain 
this phenomena is this : At the time of the final retreat of the glaciers, just before they 
disappeared entirely, they were confined to the deep ravines of the high lands and the 
The melting of the glacier and the snow, with copious rains, for the moist- 
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ure-laden currents coming in contact with these fields of ice would have been suddenly 
condensed, — all these would have had a tendency to produce floods that are now un- 
known. 

Karnes. The best examples of kames seen in Cods county are those which were 
formed as the glacier retreated from the valley of the Connecticut, in Columbia and 
Colebroolt, and nowhere are they more striking than at Colebrook village. These are 
interesting, from the fact they show that for years the great glacier that filled the valley 
of the Connecticut here had its terminus. The fact that these gravel ridges do not ap- 
pear above Colebrook shows that the change of clirnate was sucli as to cause the glacier 
to disappear rapidly when it receded above that point. The expansion of the valley 
at the village and just above, and its contracted limits below, were also causes that may 
have produced this phenomenon. 

Erratics. There are very few but that have noticed, scattered through the fields, 
boulders unlike those of the rocks in the immediate vicinity. These boulders we call 
erratics or wanderers, because they have come from some distant place. Throughout 
northern New Hampshire, on account of the extensive tracts of forests, the study of all 
phenomena of drift is pursued under the most unfavorable circumstances, since in the 
forests there are no excavations, except that done h-^ water along the streams. The 
boulders as well as the ledges are much more commonly covered with earth, or, at 
least, they are overgrown with moss, which has to be removed before we can tell 
anything about the rocks. To study thoroughly tiie geography of a country covered 
with forests, would, under most circumstances, be an endless task, although the area 
might be quite limited. On account of the fragile nature of many of the rocks in the 
; northern part of the state, boulders are not so numerous as in some other 
ind the absence of granite boulders is especially noticeable. North of Con- 
necticut lake i do not remember to have seen but one granite boulder in all that 
area, and that was three or four miles east of Third lake. On Indian stream, eight or 
ten miles from its mouth, there were several boulders of conglomerate, and just north, 
three of brecciated iron ore. In Colebrook, near Mr. L. Dinsmore's, there is a con- 
glomerate which is quite attractive even in hand specimens. None of these just men- 
tioned were found in place, and where they came from is a matter of conjecture ; but 
it is altogether probable that they came from Quebec province. Most of the boulders 
found in New Hampshire as far south as Columbia are derived from the hard bands in 
the argillaceous schist, or they come from the band of hornblende rock extending from 
Colebrook to the boundary. Everywhere south-east of this band, as far as Maine and 
even beyond the Magalioway, boulders of this rock are seen. As the rock is unlike 
any other, they are noticeable wherever they may be found ; and they show that the 
general direction of the drift was considerably east of south. 

In Stratford, just north of Little Bog brook, there is quite a remarkable collection of 
granitic boulders, both on account of the number and the limited area where they are 
found ; besides, they must have come from Vermont, as granitic rocks of this kind are 
not found in New Hampshire. 



Hosted by 



Goosle 



340 SURFACE GEOLOGY. 

In Errol, along the road to Upton, Me., we find an abundance of boulders of gran- 
itoid gneiss, which probably came from the vicinity of Wentworth pond. In Milan, 
particularly in the vicinity of Mr. Moses Hodgdon's, we find boulders of sienite that 
must have come from Mill mountain in Stark, or from the hill immediately north ; con- 
sequently the drift here could not have been more than fifteen or twenty degrees south 
of east. There are two remarkable collections of boulders in Ihe south part of Bean's 
Purchase, though they are derived, evidently, from ledges near where they are found. 
One of these is found a mile south from the summit of the Carter notch. The boulders 
are piled up so that they form a barrier across the valley, which is perhaps fifty feet 
higher than the depression towards the notch, in which there are two small ponds that 
have no visible outlet ; but the water finds its way by an underground passage through 
the barrier, and where it issues from the rocks it forms quite a large stream. Above 
the barrier there are also many large boulders that have fallen down from the sides of 
the notch. Everywhere the boulders are angular, and their detachment from the ledges 
must have been quite recent. 

Another remarkable collection of boulders is on the east branch of the Saco, a few 
miles east of the last mentioned. Here the rock is a gneissoid granite. The boulders 
are of immense size, and are scattered over an area of half a mile in width. They are 
everywhere covered with moss ; and this supports a growth of firs, which are from eight 
to ten feet in height. Travelling is extremely difScuIt, both on account of the trees 
and the size of boulders. After a heavy rain, far down among the rocks streams of 
water flow, the existence of which would not be suspected if they could not be heard. 

Lake Margins. The effect of the expansion of ice on our lakes, although noticeable 
in many places, is nowhere so marked as on tiie margin of Connecticut lake. At low 
water the rocks can be seen piled up in a wall-like structure, which on the south shore 
has a height of three or four feet, in places almost vertical. These rocks have been 
pushed a little year by year until they reached their present position, and were beyond 
the reach of ice-pressure. As the lake is now several feet above its natural level, a 
dam having been built at the outlet, if kept thus this wall will in time be removed to a 
higher level. 
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DISTANT POINTS VISIBLE FROM MT. WASHINGTON,* 



1 observer were to go up four particular peaks in the White Mountains he 
) could see all the distant points visible from any of the other summits, together 
with a good many more not visible from them. These four peaks are Washington, 
Moosilaiike, Passaconnaway, and Lafayette. I name them in the order of the extent 
of the distant views obtained from them alone. Now, looking at the subject the other 
way, no matter from what distant point the White Mountains are seen, one of these 
four points must always be the most conspicuous object in view, provided no near hills 
intervene. By means of the following formulse the distance visible from any mountain 
may be readily calculated, and also the elevation a mountain must have in order to see 
a certain distance: rf^J^ A, i^^=f rf^ where <^:= distance in miles, and :4:iz eleva- 
tion in feet. They may also be used to calculate mountain profiles as seen from dis- 
tant points. In this connection I may add that there is a slight inaccuracy in the 
Guide Book relating to Chocorua. it says, — " It is the noblest peak in all the view 
from Washington, and lifts its white pyramidal ledges far into the sky, flanked by bare 
supporting ridges." This must be a rhetorical hyperbole, for it is not at all true. 
And far from lifting its pyramidal ledges into the sky, it does not even come up to the 
level of the horizon by 420 feet. 

For some time there has been a question whether Katahdin was visible from Wash- 
ington or not. It is 1 63 miles distant, and would be the most distant point from which 
the White Mountains could be seen. According to calculation, 3500 feet of it should 
be visible if the land between were on the level of the sea. Now the horiion line as 
seen from Mt, Washington passes five or ten miles south-west of Moosehead lake. 
Moosehead lake has an elevation of 1023 feet above the sea. Now, allowing the land 

* Read before Ihe Appsbchian Mountain Club. Oclohec 11, 1876. 
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r ten miles below it, measured on tlie river, to have an elevation of 1500 feet, 
Katahdin would still rise 1170 feet, and it would require an elevation of 2300 feet to 
hide it- Moreover, on remarkably clear wintry days, a very distant mountain has been 
seen in about the right direction, with 3 very peaked summit, which coincides with the 
descriptions of Katahdin. I should add, however, that as seen from Moosehead lake, 
which is in much the same direction, Katahdin does not present this appearance. It is 
claimed by some that Katahdin is visible from Kiarsarge ; and there is a distant moun- 
tain visible from there on rare occasions, which I have seen once, but which is not in 
the right place. And, moreover, if there was an elevation between them of 390 feet 
above the sea, and near Mt. Blue, Katahdin would be hidden. Now, as all the 
country near Mt. Blue has an elevation of something over 1000 feet, it seems rather 
improbable that Katahdin should ever be seen. As to seeing it from Osceola, as 
some claim, one would have to look something like 100 feet below the sea hotizon to 



The following is a list of some of the more interesting distant points to be seen from 
Mt. Washington, many of them being visible only on rare occasions : 

Mt. Belceil; distance 135 miles, position north 45° west, and nearly over Prospect 
hill, Lancaster. It is quite a high mountain near Montreal, and is said lobe visible. 

Lake Memphremagog : distance 70 miles, position north 40° west, and over Jefferson 
hill. It requires a very clear day, as distant water is difficult to distinguish. 

Mt. Carmel: distance 65 miles, position north 10° east, and just over Mt. Adams. 
It is very near the northern boundary of Maine, and is readily recognised by the steep 
slope on the eastern side. It is said that a very fine view may be obtained from it. 

Mt. Bigelow : distance 70 miles, position north 35° east, and nearly over Mt, Hayi 
It appears as three rounded hills. Just to the south of it, and far beyond, is a moL 
tain with a very sharp apex, which is sometimes called Katahdin, but this is a m 
take. 

Mt. Abraham : distance 65 miles, position north 40" east, and somewhat to the right 
of Mt. Hayes. A long serrated ridge, also sometimes called Katahdin. 

Mt. Katahdin : distance 103 miles, position north 45° east, and about half way bi 
tween Mt. Hayes and Mt. Moriah. It is said to appear rising over a nearer saddle- 
shaped mountain, and to be recognized by its sharp peak, the sharpest in all the view 
from Washington. If visible at all in summer, it would be far the faintest object in 
sight in that direction. 

Mt. Blue: distance 57 miles, position north 57° east, and halfway between Surprise 
and Moriah. It is quite a conspicuous pyramidal peak, and is near Farmington, Maine. 
It is used as a Coast Survey station. 

Portland : distance 65 miles, position south 51° east, and over the northern summit 
of Doublehead. It appears as a low white hill, with a long light-blue line beyond it. 
With a telescope the hill resolves itself into a mass of closely packed white houses, 
and the blue line is seen to be thickly studded with sails. The ocean, however, is not 
as often seen as some more distant objects in other directions, partly on account of the 
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difficulty of distinguishing distant water, and partly because the atmosphere in this 
direction seems generally to be somewhat thicker than elsewhere. 

Lake Sebago : distance 43 miles, position south 48° east, and over Mt. Gemini. It 
is 14 miles long, and about 11 wide. 

Mt. Agamenticus : distance 80 miles, position south 24" cast. Aflat rounded hill 
of considerable height in the southern part of Maine, and forms a conspicuous land- 
mark for sailors. 

Isles of Shoals : distance 97 miles, position south 22° east. They are very difficult 
to see, and are situated on the horizon just to the right of Agamenticus. 

Mt. Wachusett : distance 126.5 miles, position south 13° west, and just to the right 
of Whiteface, if it is visible. 

Mt. Monadnock: distance 104.5 miles, position south 2z° west, and a little to the 
right of Sandwich Dome. A very regular rounded summit. 

Mt, Kearsarge ; distance 70 miles, position south 24° west, and half way between 
Sandwich Dome and Carrigain. 

Mt. Uncanoonuc ; distance 92 miles, position south 9° west, and half way between 
Mts. Crawford and Passaconnaway. Twin summits near Manchester. 

Mt. Ascutney: distance 85 miles, position south 45° west. Situated in Windsor, 
Vermont, close to the Connecticut river. 

Kiliington Peaks: distance 91 miles, position south 59° west, and between Mts. 
Liberty and Blue. Twin peaked summits near Rutland, Vermont. 

Camel's Hump : distance 80 miles, position north 87° west, and just over Bethlehem 
street. It is a striking looking mountain, shaped like a truncated cone, with very steep 
sides. Readily visible at sunset on a clear day. 

Mt. Whiteface ; distance 130 miles, position north 86° west. It is just barely visi- 
ble, hardly rising above the right hand slope of Camel's Hump. This is one of the 
highest of the Adirondacks, rising to a height of 4900 feet. Two lower peaks are seen 
just to the right, and three more some distance to the left. These however have not 
yet beeft identified, but if Mt. Marcy and any of the other higher summits are visible, 
they should appear about j° to the south of Whiteface, and nearly over the Fabyan 

Mt. Mansfield : distance 78 miles, position north 78° west, and between the Twin 
Mountain house and Mt. Deception. It is the highest of the Green Mountains, being 
4300 feet high, and appears as a long ridge bearing a fancied resemblance to a human 
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APPENDIX B. 

Altitudes, Contour Lines, and Raised Maps. 

During all our explorations of the state for the study of its geology and the collection 
of roek-speciniens, frequent barometric measurements have been also obtained, and the 
prominent topographic features of the country have been carefully noted. Only a small 
portion of all the heights thus measured appear in Volume I (pp. 210, 211, and 242, 
chap. X, and pp. 304-314), the altitudes there given being those of mountains, villages, 
ponds, or other points of special interest. Since the publication of that volume, many 
additional barometric observations have been made. 

The information thus gathered respecting the configuration of the state, although 
incomplete because it has been impossible to make a detailed examination of our entire 
territory, yet seemed worth preservation, and sufficient to justify an attempt to present 
contour lines on the new map accompanying this report. Numerous series of altitudes, 
accurately determined by surveys for railroads, or by levelling done specially for the 
geological survey, have formed a basis to which the barometric measurements have 
been referred. According to these observed heights, and others estimated for adjacent 
hills and valleys, lines of contour for each one hundred feet above the sea were first 
drawn on the county maps of large scale, which had been used in our explorations, and 
thence were transferred to the draft of the new map. These lines have been engraved 
separately from the rest of the map, so that they may be printed in a color different from 
that of the streams, roads, boundary-lines, names, etc. They are thus easily distin- 
guished from al! other lines, but are required to be printed separately, so that they are 
liable to slight misplacement, sometimes making streams and contour lines disagree in 
their positions. These contours not only show the place, shape, and height of separate 
mountains and hills, but permit a comparison of their heights above the sea and in rela- 
tion to each other throughout the whole stale. For convenience in such comparison, 
the lines of 500, 1,000, 1,500 feet, etc., above the sea are dotted, and their heights fre- 
quently marked, while the other lines are continuous and unmarked. 

The eastern part of Rockingham county, and the portion of Essex county, Mass., 
which comes within the limit of our map, being occupied more or less fully by the re- 
markable lenticular hills of glacial drift, have received special attention. Contour lines 
are shown upon these areas for each 50 feet, those marking heights 100, 200, and 300 
feet above the sea being continuous hnes, while those intermediate are dotted. The 
Ammonoosuc mining district has been surveyed by Mr. John N. McClintock, whose 
map with contour lines for each 10 feet is presented in Part V of this report. Besides 
these, the White Mountain district has perhaps been as well represented as any other 
portion of the state ; but many of the smaller peaks, ridges, spurs, and ravines remain 
to be explored and mapped in this region. It is hoped that otir efforts to show the 
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form of the surface of New Hampshire by these lines will serve to call the attention of 
our people to the value of such work, and ultimately lead to a detailed topographic sur- 
vey and map. 

The same information respecting the altitude and contour of the whole state, which 
is shown by these lines on the maps in the atlas of lliis report, has been otherwise and 
more noticeably displayed by a model or raised map of New Hampshire, the original of 
which has been placed in the vestibule of the state-house at Concord. The museum of 
Dartmouth college has a copy moulded from this, and others might be easily made. It 
will be seen, however, that the construction of the first model, to show all our principal 
mountains, hills, and valleys, involves a large amount of painstaking labor. This re- 
lief has a scale of one inch to a mile in distance horizontally, and of one inch to 1,000 
feet in height, making it about fifteen feet long, with Mt. Washington a little more than 
six inches high. The elevation is five times too great, as compared with the extent, — 
this exaggeration being necessary to give any prominence to tlie numerous hills less 
than 1,000 feet in height. 

A map on the horizontal scale of the proposed model was first drawn, by enlargement 
from the draft of the new state map, with contour lines for each 500 feet above the sea. 
Tracings of these lines were then made and transferred to boards of pine or basswood 
half an inch in thickness, corresponding on the scale of height to 500 feet. The boards 
were then sawed to the irregular form of the successive contours. Upon each set of 
boards, the line next above that followed in sawing was also drawn, and showed the 
exact position to be occupied in placing them one upon another to build up tlie high- 
lands and mountains. The projecting upper edges of the layers of board were then 
bevelled to a continuous slope, or cut into the hills and valleys required by intermediate 
lines of contour. The surface is painted, showing township lines, streams and ponds, 
railroads, etc., with their names, and those of villages and mountains. 

In the study of the modified drift, a large amount of levelling has been done, princi- 
pally along Connecticut and Merrimack rivers. The heights of all the terraces in both 
these valleys north of the Massachusetts line have been accurately determined, and are 
shown on Plates 1-VI of this volume. Heights of these rivers and of localities near 
them were also determined, and are given, with the elevation of the highest terraces, 
on pages 39, S9-61, and 102 and 103. The most important corrections from altitudes 
along these rivers, published in Volume I, are in regard to the height of a portion of 
Connecticut river, which at Brattleborough is 200, at the mouth of Ashuelot river, 185, 
and at Massachusetts line, i3o feet above the sea (corrected from Vol. I, pp. 304 and 
319) ; and the height of Pemigewasset river at the mouth of the east branch, which is 
710 feet above the sea (corrected in this volume, p. 70, from Vol. I, pp. 288, 308, and 
322). The height of Winnipiseogee lake obtained by levelling (pp. J03 and 125) sug- 
gests the possible need of a still more important correction to be applied to nearly all 
the connected series of altitudes determined by railroad surveys in the western and 
northern parts of the state, published in Chapter X of Volume I. These altitudes 
may be said to be reckoned from Concord depot as a starting-point, which appears 
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upon good evidence to be i6 feet higher than was formerly supposed (see Vol. I, pp- 
250-252). Referred to tius datum, however, the height of Winnipiseogee lake appears 
to be II feet above that obtained by the survey for the Portsmouth, Great Falls & Con 
way Railroad (Vol. I, p. 265). One of these determinations of the level of the lake 
must be incorrect. Heights along Contoocook river and on streams in Antrim, with 
corrections to be made in Volume J, page 26S, are stated in this volume on pages 102 
and 119; heights along Salmon Falls river, on page 150; and in Dover, on page 156. 
Mr. George L. Whitehouse, of Farmington, informs us that the height given in Volume 
J, page 264, for the summit between Alton and Farmington, refers to the highest point 
of the railroad, while the greatest depth that would have to be cut through to turn Win- 
nipiseogee lake into Cocheeho river is only 28 feet, which calls for a correction on page 
129 of this volume. 

To the tables of altitudes previously published, we append a few additional observa- 
tions, principally in the mountain region : 



! White Mountain Distrk 



From barometric measurement in 1876 and 1877 by Prof. F. W. Clarke 



On the Mt. Washington Range. 
Nelson crag, north of Huntington's ra- 

vine, 5615 

South wall of this ravine, . 5432 

Lion's Head, north of Tuckerman's ra- 



Boott's spur, .... 5524 
Foot of Mt. Adams path, . . 1430 
Camp of Appalachian Mountain Club, 

Mt. Adams, .... 3307 
First bald ledges on this path, . 4342 
ClifFatheadofKing'sravine, . s'^s 
Summit of Mt. Adams (Guyot), , 5794 
Samuel Adams peak, nearly j mile 

west, 5554 

John Quincy Adams peak, J mile 

north 5384 

NowelFs peak, a little more than i 

mile north-west, , . . S3i3 
Star lake, between Adams and Madi- 
son. 4890 

Heights near Jefferson. 
Start King house, . . 1437 



Mt. Starr King (Prof. C. R. Cross), 3925 

Mt. Adams house, 

Boy mountain, .... 2278 

Randolph hill, . 

Jefferson Mills bridge, 

Bridge at Stag hollow, 

Israel's River bridge. Cherry Moun- 
tain road, .... 10S5 

Owl's Head, spur of Cherry mount., 3302 

Farmhouse at the foot of Owl's Head 
path 1442 

Bray hill, 1637 

Mt. Prospect, Lancaster, . . 2062 

Mt. Pleasant, " . . 1896 

Road between these, . 1447 

Farmhouse at the foot of path up Mt. 
Prospect, .... 1310 

Summit of road from Jefferson to the 
Twin Mountain house, . 1676 

Lunenburg heights, Vt. (Prof. C. R. 

Cross) 1618 

Heights in Bethlehem and Whittfield. 

Sinclair house I4S9 
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Maplewood house, . . . 1489 
Dodge's, Whitefield, . . . 1279 
Fiske's, ■' ... 3250 

On road from Whitefieid to liethlehem : 
Railroad crossing, , . 1109 
Ammonoosuc bridge, . . 11:9 
Summit of road, . . . 1305 
Summit of stage-road by Mt. Agassiz, 1840 
" uppers£age-road from Beth- 

lehem to Franconia, . , J913 
Wallace hill, Bethlehem, . . 2(24 

Heights near Fraucoma. 
Summit of road between Littleton and 

Franconia, .... 1360 
Bridge, Franconia Iron Works, . 920 

Lafayette house, . . . 990 

Franconia house, . . . 1054 
Profile farmhouse, . . 1302 

Bald mountain 2310 

Notch on Lafayette path by Eagle cliff, 2990 
Clearing between Profile and Flume 

houses, 1772 

Moran or Lonesome lake, . . 2750 
Summit of Sugar hill, Lisbon, . 1895 
Sugar Hill post-office, . . 1351 

Ossipee Mountain, from a recent 
barometric measurement of Prof. C. 
R. Cross, is found to have a height 
of 2950 feet, instead of that given in 
Volume 1, page 280. An eastern 
peak of this mountain is, by the 
same authority, 2774. 
VOL. III. 45 



Heights in Cheshire County. 

In Section II, Volume I, page 284, 

correct the height of bridges in 

Swan^ey by subtracting 550 feet. 

From levelling by George W. Sturte- 

vant, of Keene; 

Goose pond, Keene, source of city 

water- works, . . . 638 

From levelling by J. J. Holbrook, of 

Beech Hill reservoir, . . S95 

Summit of Beech hill, . . 1060 
Also from Mr. Holbrook's levelling, 
Troy station being taken as 1002 
(Vol, I, p. 259) : 
Troy school-house No. 3, lowest 

step, 1166 

Jaffrey school-house No. 12, thresh- 
old, 1231 

John Mann's house, . . 1488 
Monadnock Mountain house, . 2072 
Summit of Monadnock mountain, 3169 
(Compare with Vol. I, p. 279). 
From levelling by A. P. Little, of 
Keene : 
Swanzey, Sawyer's crossing, R. R. 

bridge 485 

West Swaniey, railroad, 495 ; Ash- 
uelot river above dam, 461 ; be- 
low dam, .... 454 
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APPEN DIX C. 



APPENDIX TO THE CATALOGUE OF THE PLANTS OF NEW HAMPSHIRE. 

The number of plants known to grow without cultivation within the limits of the state 
has been somewhat increased since the publication of Volume I. These additions to 
the cafalogue of that volume (pp. 395-414), together with those found in its appendix, 
are here presented, marked with letters and signs which are there used and explained, 
indicating distribution, relative abundance, and introduced species. 

A paper on the "Distribution of Plants in New Hampshire and Vermont." by Will- 
iam F. Flint, occurs in the American Naturalist, Volume XI, pages 89-95, The flora 
of the White Mountains has been described by Edward Tuckerman, in T. Starr King's 
White Hills, pages 230-241 ; and by J. H. Huntington in Appalackia, Volume I, pages 



SAXIFRAGE FAMILY. 



Arab is perfoliata. 

Fields along Connecticut river. 
A. Drummondii. 

Island in Connecticut river near 
White River Junction. 

PINK FAMILY. 

Ceraslium •vulgatum. 

Spergularia media 5 

VINE FAMILY. 

Vitis cordifolia; var. riparia. 

MILKWORT FAMILY. 

Polygala cruciata • 

Near the coast. 

PULSE FAMILY. 

Colutea arbor escens. 

Astragalus 
A. Robbin 

Vicia tetraspermn. 

ROSE FAMILY. 

Prumus maritima. Beach Plum. 

Near the coast; also on the upper 
terrace west of Amoskeag falls. 



Proserpinaca palustris. Mermaid 

LOOSESTRIFE FAMILY. 

Lythrum Hyssopifolia. 

PARSLEY FAMILY. 

Ligusticum Lemslicum. Lavage. 

Around old dwellings. 
Zizia integerrima. 

HONEYSUCKLE FAMILY. 

Lonicera parviflora. 
Connecticut valley. 

COMPOSITF. FAMILY. 

Eupatorium teucrifolium. 

Sericocarpus solidagineus. 
Aster tenuifolius. 

A. Nova-Angliic. 
Solidago stricta. 
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S. patula. 

Ambrosia trifida. 

Bidens bipinnata. 

Anihemis arvensts. Corn Chamomile. 

Artemisia vulgaris. Mugwort. 

Onopordon acanthium. ScoUk Thistle. 

Cynthia Virginica. 



BLADDER wo 1 



BUCKWHEAT FAMILY. 

saiidfolius. White Dock. 
Golden Dock. 

OAK. FAMILY. 

Quercus bicolor. Swamp While Oak. 
Low'r Merrimack valiey and Rock- 
ingham county. 
Q. Primus; var. humilis. Dwarf Chin- 
quapin Oak. 
Same range as the last. 

WILLOW FAMILY. 
Salix tristis. 

Lower Merrimack valley. 
■. falcata. 



■ nigra ; 



PINE FAMILY. 



Utricular! a purpurea. 

Winchester. 
U. resupinata. 
Pinguicula vulgaris. 

Mt. Willard. 


Manchester, and near the coast, 

ARUM FAMILY. 
Peltandra Virginica. Arrow Arum. 
Walker's pond, Conway, 

DUCKWEED FAMILY. 


Aphyllon uniflorum. Cancer-root. 


Lemna polyrthiza. 

CAT-TAIL FAMILY. 


Veronica peregrina. 

Fields in Connecticut valley south 
of Bellows Falls. 


Sparganlum simplex; var. androcla- 
dum. 


Gerardia purpurea 

Near the coast. 


* Spiranthes Romanzoviana. 
Bogs ; New Hampton. 


G.maritima 

MINT FAMILY. 


y Pogonia pendula. 
Winchester. 


Monarda fistulosa. Wild Bergamot. 

Rockingham county. 
Galeopsis Ladanum, 

Hanover to Hinsdale ; rare. 


IRIS FAMILY. 

Iris Virginica 

Near the coast. 


GENTIAN FAMILY. 


Juncus militaris. 


Gentiana quinqueflora. 

Hanover. 
Barton ia tenella. 


SEDGE FAMILY. 

Eleocharis pygmEea 

Sciqjus polyphylius. 


DOGBANE FAMILY. 


S. lineatus. 


Apocynum cannabinum ; var. hyperici- 
foiium. 


Rhynchospora capillacea. 
Carex siccata. 


AMARANTH FAMILY. 


C. Emmonsii. 


AmaTantus hypochondriacus . 


C. Kneiskernii. 


A. spinosus. 


C. polymorpha. 
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Spartina cynosuroides. 
Poacffisia. 

Summit of Mt. Willard. 
Bromus Kalmii. 



Catalogue < 



• THE Mosses and Liverworts of New Hampshire. 



The nomenclature is that of SulHvant's Musci and Hepatica, from which the 
species found upon the White Mountains (designated by M) are compiled. The 
others have been collected in the vicinity of Hanover by William F. Flint and Ed- 
ward Hyde, or in the south-west part of the state by Charles C. Frost, the distin- 
guished cryptogamic botanist, of Brattleborougti, Vt. Commonness is indicated by a 
star (*). 



MOSSES. 

Sphagnum cymbifolium. 
S. Lescurii. 
S. sedoides. 

Ethan's pond. 
S. squarrosum. 
S. aculifolium. 
S. cuspidatum. 
Andrtea rupestris. 
A. 

Phascum 
P. cusp ida tun 
P. Sullivantii. 
Gymnostomui 
G. rupestris. 
Weisia viridula. 
Rhabdoweisia fr 
Aretoa fulvella. 
Dicranodontium longirostre. 
Trematodon longicoUis. 
Dicranum gracilescens ; var 

D. varium 

D. rufescens. 



D. subulatum M 

D. heteromallum ' 

D. BIyttii M 

D. Starliii M 

D. flagellare • 

D. interruptum. 

D. longifolium. 

D. scoparium ; var. pallidum. . . • 

D. und datum. 

D. Drummondii. . . . . M 

Ceratodon purpureus. . . . * 

Leucobryum glaucum. . . . * 

L. minus. 

Fissidens minutulus. 

F. bryoides. 

F. osrnundiodes. . . . . * 

F. subbasilaris. 

F. taxifolius. 

F, adiantoides • 

Conomitrium Jullanum. 

Trichostomun pallidum. . • 

Barbula unguiculata * 

B. CKspitosa * 



Hosted by 



Goosle 



APPENDIX TO CATALOGUE OF PLANTS. 



B. convoluta, 
B. mucronifolia. . 
Pottia Iruncata. 
Tetrapliis pellucida. . 
Tetrodontium repandutn. 
Near the Glen house. 



Zygodon Lapponicus. 

Z. Mougeotii. 

Dnimniondia clave llata. 

Orthotrichum obtusifolium. 

O. strangulatum. 

O. Canadense. . 

O. Liidwigii. 

O. Hulchinsia. . 

O. crispum. 

O. Bruchii. 

Ptychomitrium incurvum. 

Schistidiura apocarpum. 

S. confertum, v 

Grimmia Olney 

G. Pennsylvani 

G. Donniana. 

Racomitrium aciculare, 

R. lanuginosum. 

R. fasciculare. 

R, ellipticum, Br. and 

R. canescens. 

Hedivigia ciliata. 

Diphysciura foliosum. 

Atrichum undulatum. 

A. angustatum. . 

A. crispum. 

Pogonatum brevicaule. 

P. urnigerum 

P. capillare. 

P, alpinum. 

Polytrichum commune. 

P. formosum. 

P. juniperinum. 

P. piliferum. 



Sch. 



Aulacomnion heterostichui 
A. palustre. 

A. turgidum. 
Bryura pyri forme. 

B. erudum. 
B, nutans. 
B. cucullatum. . 
B. roseum. . 
B. Wahlenbergii. 

B. pseudo-triquetrura, 
B. alpinum. 
B. timum. . 
B. capillare. 

Mnium affine. 

M. hornuni, 

M. stellare. 

M. cinclidioides, Hedw. 

M. punctatum. . 

M. Drummondii. 

M. rostratum. 

M. cuspidatum. . 

M. spinulosum. . 

Meesia uliginosa. 

Bartramia itliyphylla. 

B. Oederj. 

B. pomiformis. . 

B. fontana. 

Co nostomum boreal e. . 

Funaria hygrometrica 

Physcomittium pyriforme. . 

Tetraplodon angustatus. 

Fontinalis antipyretica. 

F. Eatonii, SuUiv. 

F. disticha. 

F. Lescm'ii- 
' F. Frostii. Sulliv * 

F. Dalecarlica M 

' Dichelyma falcatum * 

D. capillaceum • 



n White Mountain Notch. 
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Leucodon julaceus. 
Leptodoa trichomitriu 
Anomodon viiiculosus 
A. tristis. - 
Leskea obscura, . 
L. rostrata. 
L, nervosa. 

Thelia hirtella. . 
T. asprella. 


. * H. 
n. . . . • H. 
. • H. 
. • H. 
. • H. 
. • H. 
. M H. 
H. 
. • H. 



Anacamptodon splachnoides. 
Palaissa intricata. 
Homalotlieciuin subcapillatum. 
PlatygjTium repens. . 
Pterigynandrum filiforme, Hedw, 
Cylindrothedum cladotrhiians. 
C. seductrix. 
Neckera pennata. 
N. bifida, James. 

White Mountain Notch. 
Omaha Jamesiana. 
Chmacium Americanum. 
Hypcum tamariscinum. 
H. delicatulum. . 
H. scitum. . 
H. abietinum. 
H. paludosum. . 
H. triquetrum. . 
H. brevlrostre. . 
H. splendens. . 
H. umbratum. 
H. Oakesii. 
H. Alleghaniense. 
H. strigosum. 
H. serratulum. . 
H. rusciforme. . 
H, recurvans. . 
H. demissura. 
H. cylindricarpum. 
H. eugyrium. 
H. palustre, L. . 



cuspid at urn. 
cordifohum. 



aduncum. 
Ethan's pond. 
Cris ta- Castre ns is , 
cupressiforme. 
imponens. 

curvifohum. . 
Haldanianum. 



[. pratense. 
[. salebrosum. . 
I. Istum. . 
[. rutabulum. 
[. plumosum. 
I. populeum. 
'.. reflexum. 

'.. Novse-Anglis, 
. stellatuni. 
'.. polymorphum. 
I. hispidulum. . 
1. dimorphum. 
Ellis river. 
[, subtiie. 
[. adnatum. 
[. serpens, 
[. radicale. 
[. orthocladon. 
I. riparium. 
I. Lescurii. 
[. denticulatum, 
[. Muhlenbeckii. 
[. sylvaticum. 
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H. elegans. 






M J. barbala 




LIVERWORTS 


J. intermedia. 




Riccia natans. . 


* J. Scbraderi. 




R. fluitans. 






* J.Taylori. 




Anthoceros punctatus. 






• J. crenubta. 




A. Ijevis. . 






* J. exsecta 




Marchantia polj'morpha. 






♦ Scapania nemorosa. . . 




Fegalella conica. 






♦ Plagiocliila spinulosa. 




Reboulia hemisphserica. 






* P. asplenioides. . 




Fimbriaria tenella. 






. P. porelloides. . 




Mentigeria furcata, . 






* Sarcoscyphus Ehtharti. 




Aneura palraata. 






« Gymnomitrium condnnatum. 




A. mukifida. 




FruUania Grayana. 




Pellia epipfiylla. 




* F. Tamarisci. 




Blasia pusilla 




• F. Virginica. 




Chiloscyplius pohanlbo'; 




* F. Eboracenais. . 




Lophocolea bidentati 




Lejeunia cucullata. 




SphagncEcetis communis 




* Madotheca platyphylla. 




Jungermannia trichophjlla 
J. setacea. 




• Radula complanata. . 

* Ptilidium ciliare. 

» Trichocolea Tomentella. 




J. curvifoiia. . . 






» Mastigobryum trilobatum. . 




J. bicuspidata. . 






» Lepidozia rcptans. 




J. divaricata. 






* Caljpogeia Trichomanis. 




J. setiformis. 






M 





APPENDIX D. 

THE RELATION OF GEOLOGY TO DISEASE. 

Mr. J. T. Gardner, in his address before the American Public Heahli Association at 
Boston,* has drawn attention to tlie intimate connection between geology and health. 
He indicates that controlling causes of some of our most fatal diseases are to be found 
in local structural and Uthological conditions, which are of even greater weight than 
the condition of the air. In some regions above the palisades of the Hudson malarial 
diseases are very prevalent. This region is underlaid by dense basaltic rocks, through 

•Boslon, Ocmber 6, TS76. 
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which water cannot percolate, but is accumulated in basins beneath the surface, there 
to become stagnant and breed disease in a high region which has pure clear air and ap- 
parently all the conditions for the best of health. Many cases are cited ; among which 
is one of interest to us, as it shows that considerations of this kind are worthy of closest 
attention in New Hampshire. The case is derived from the study of the geological 
conditions in the town of Greenland, N. H., and is quoted from an article by Dr. Henry 
I, Bowditch on " Consumption in New England, and locality one of its chief causes." 

Dr. Bowditch thinks that the most powerful agent in promoting the disease called con- 
sumption is the soil moisture whicli results from the structure of the country and the 
character of its soil and underlying rocks. In Greenland there are three distinct varieties 
of soil: — I. A high and dry sandy plain. 2, A middle fertile and rather moist portion. 
3. Extensive low marshes. Between these three portions the inhabitants, 715 in num- 
ber, were about evenly divided ; and yet, in a given length of time, there were three 
deaths by consumption on the sandy plains, five in the middle moist region, and ten in 
the lowlands, or three limes as many in the wet as in the dry region. But in a town 
in Maine the conditions were exactly reversed : the lowlands were of porous gravel, 
while the highlands were claj'ey and impervious to moisture. Here, in a given length 
of time, the number of deaths was two times larger on the highlands than on the low- 

These cases indicate that the character of the rocks, and their mode of arrangement, 
are important elements in the control of health or disease, and that the character of 
our rocks and the mode of arrangement, which have been described at such length in 
these volumes, have an important influence on the duration of human hfe. They indi- 
cate that the crystalline condition, the schistose or compact structure, the geological 
arrangement of rocks, and all those characters of rocks and soils which facilitate or 
impede drainage, are powerful influences in determining local conditions for health, 
and that, therefore, the hthology and geological structure of their special region should 
be a study of each member of the medical profession. 



APPENDIX E. 



NOTE ON SOME POINTS IN THE GEOLOGY OF STODDARD AND MARLOW, 
CHESHIRE COUNTY, N. H. 



The prevailing rocks in this region are gneissoid and mica slate. Their strike is 
north-easterly, being north 3o''-40° east by the needle, and they dip easterly at a high 
angle, in many places 60° or more. In some places, as near Stone pond, in Marlow, 
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Ihe bedding is exceedingly well defined, so that the effect is very beautiful, especially 
as dark and light colors alternate more or less with one another. 

The whole region gives the most ample evidence that it was once subjected to long 
continued glacial action. The rocks are planed down and grooved, and boulders in 
many places almost cover tlie ground over areas miles in extent. Probably there are 
but few places, if indeed there are any in our country, where the boulders are more 
numerous than in this part of New Hampshire. Between Hancock and Marlow, inclu- 
sive, the boulders are, in a great majority of cases, porphyritic granite. In the vicinity 
of South Stoddard, sorne of the boulders are of enormous size. One boulder, not far 
from the road, and on the right hand in going from the "Box tavern" to Stoddard 
village, is about fifty paces in circumference, and probably contains 40,000 cubic feet 
of rock. Many others in the vicinity approximate this in size. Another of very great 
siie is found about half a mile from the village of Marlow, in a southerly direction, and 
just east of the Ashuelot river. 

Roeking-s tones are not uncommon in this region. Two beautiful examples of this 
kind are found in Marlow, not far from a place in the Ashuelot river well known as the 
" Bend." .Several of these stones are found on a hill westerly from the Abbot pond, 
which is on the right hand of the main road leading from Stoddard to Marlow. But I 
hasten to say that not one of these last will now " rock," for they have been tipped 
and wedged up by stones, put in by the farmers, as I learned, under (he impression 
that the flocks and herds might be injured by them. I believe that an ox, or some 
other creature of the farm, did get caught by the tipping of one of these boulders, and 
this fact led to the wedging of them so that they could not rock. We examined them, 
and satisfied ourselves that they would rock again as soon as these props or wedges 
were removed. 

The drift strise in Marlow are nearly due north and south, varying only slightly from 
3 due northerly and southerly course, as the needle points. The effect produced by 
the planing down of the highly inclined slate near Stone pond is very interesting and 
beautiful. Not 3 projecting point is left, and the bare, clean, and smoothly planed 
edges of the dark- and light-colored layers of the gneissoid rocks present a very strik- 
ing and beautiful appearance to the eye of the geologist. 

Very near the outlet of Stone pond are very beautiful examples of granite dykes in 
the gneissoid rocks, some crossing others, and thus showing that they were formed at 
different times. Northerly from Stone pond, at a distance of a mile or less, is Trout 
pond, interesting from the fact of its being nearly surrounded by high hitis of drift. 
One large moraine is, as it were. Cut off by the pond; the moraine continues for a 
considerable distance northerly and southerly, interrupted only by this pond. How 
this pond was formed in the line of this moraine, is an interesting question. Was the 
pond tliere before the moraine ? If so, why was it not filled by the drift material ? Is 
it not probable that the age of the pond dates from the glacial period, and that there 
was a vast accumulation of ice just where this pond is to-day ? 
VOL. ill, 46 
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APPENDIX F. 



Geology of the Region about the Head Waters of the Andros- 
coggin River, Me. 



a map, and look at the western part of New Hampshire, we see that 
Hall's stream, one of the principal branches of the Connecticut river, has a part of its 
branches in the province of Quebec ; then eastward, all the streams as far as the St. 
John's in Maine have their waters wholly in the states. Of the streams included in 
this area, Indian, Perry's, the Connecticut, the Magalloway, the Cupsuptic, the Kenne- 
bago. Dead river, and Moose river, I have followed from their sources to their conflu- 
ences with other waters ; and, besides this, I have traversed much of the intervening 
country. As a continuous forest extends along the north-western border of Maine, 
geological work is slow and extremely laborious. The topography of the country is 
somewhat pecuhar. The boundary itself is a mountainous ridge, rising from 3,500 to 
3,000 feet above the sea, and it is extremely irregular in outline. The streams from 
Hall's to Dead river have a course almost due south : then to the nortli-east the streams 
at first all begin their courses by flowing northerly and north-easterly. The glaciation 
of the continent, and the trend of the strata of the rocks, have given in part, al least, 
this peculiar feature to the streams of this region, though there is no doubt but that 
the great depression of the St. Lawrence valley is the primal cause. 

The area of country to which this paper relates more specifically borders on the Cup- 
suptic and Kennebago rivers. Both of these streams rise on the boundary. On the 
first, three fourths of a mile from the boundary, the beavers, by building a dam, have 
formed quite a little lake. This is 600 feet below the highest point of the ridge. For 
five miles in a direct line the stream is sluggish, and is frequently interrupted by beaver 
dams ; then for half a mile it cuts a deep gorge through an argillaceous schist, and has 
a fall of some thirty feet ; then for six or seven miles it has very much the same char- 
acter that it has above the gorge ; then for nearly a mile it rushes along in a series of 
wild cascades, while here and there it plunges down into great eddies, when it rests 
only to leap again over the rocky strata below. The falls passed, it assumes again its 
sluggish character, which it retains until it flows into Cupsuptic lake. The entire length 
of the stream in a direct line is about 13 miles. The Kennebago is quite a different 
river. On the boundary rise numerous streams, which widen into lakelets, and then 
flow southward until they unite in No. 4 R. 3. Then the descent is quite gradual until 
after it passes Kennebago lake, — then there are extensive falls; thence for (he most 
part the descent is gradual for the rest of its course. There are some things about the 
topography that are quite noticeable. From a point a mile south of the outlet of Ken- 
nebago lake a range of mountains begins, which runs north-west, and extends to the 
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Cupsuptic. On the Kennebago, the rock is fissile slate ; on the Cupsuptic, the rock is 
an argillaceous schist; but the summit, at least of the north-west peak, is granite. 
From the point where the streams unite in No. 4 R. 3, a range of mountains on the 
west side of the Kennebago runs north-west ; and on the east side of (he river a range 
runs north-east. Between these ranges are the streams mentioned above as widening 
into lakelets. 

The area about the lakes was briefly mentioned by Prof C, H. Hitchcock in the re- 
port of the scientific survey of Maine for 1862. 

The conglomerate found at the outlet of Rangeley lake has been described by Prof. 
Geo. L. Vose. Some notes on the geology of the area north-east of Kennebago river 
were presented at the Portland meeting of the American Association for the Advance- 
ment of Science. The rocks found on the west of the Cupsuptic have been described 
by me at some length in the report of the geological survey of New Hampshire (Vol. 
II). As I understand the rocks, the following formations are represented : 

I, Stratified Groups. 

Gneiss. 

Gneiss containing 



White Mountain gneisses and schists. 

Mica schists with staurolite- 

Chloritic and whitish argil li tic mica schists. 

Sandstone schists. 

Diabase. 

Diorite with serpentine. 

Argillitic mica schist with staurolile. 

Rangeley conglomerates. 

I Wrinkled argillaceous schists with hard 
Slaty conglomerates. 
Calcareous sandstones with fossils. 

I Glacial drift. 

j Modified drift, including kames, etc. 



II. Eruptive Rocks. 



Granite (Conway). 



Gneiss. The area of gneiss is very small, and it was seen only on the boundary on 
the head waters of the north-west branches of the Kennebago river. It is a fine-grained 
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rock, and the outcrops were so few that the dip could not be well determined. As an 
intrusive granite and a line-grained diorite were the only rocks seen in the vicinity, its 
stratigraphical relations have not been satisfactorily determined ; but its resemblance 
to the Laurentian gneiss in the vicinity of the chain of lalies to the north-east makes it 
altogether probable that it is a part of the Upper Laurentian. 

Gneiss uiilk Limestone. Approaching the lake region from the east at the village of 
Phillips, ive find an intrusive granite that is somewhat coarser than the common Con- 
cord granite. It extends a mile east of the village. On Sandy river, where the road 
crosses the river for the liist time above Phillips, we find the intrusive character of the 
rock clearly seen, as here great masses of schist have been caught in it ; and elsewhere 
the granite appears only as veinstones in. the schist. About two miles above the village, 
on the north side of the river, there is a fine-grained micaceous gneiss that has inter- 
calated beds of a dark limestone : this at some time has been burned for lime. The 
whole breadth of country occupied by this gneiss does not here exceed a mile. The 
stratum is very irregular in strike, and has an inclination of 30° to 50°. 

HuroniiiH — White Mountain Gneisses and Schists. Tiiese rocks, which belong to 
the Montalban series of the New Hampshire geological survey, are found north-west of 
the outlet of Moose to cmaguntic lake. The strata here have nearly an east and west 
strike, and are vertical ; but this is probably due to a great mass of intrusive granite 
between this and the river that joins the lakes on the south. The lithological charac- 
ter of the rock is similar in every respect to the rocks found in the vicinity of Mt. Wash- 
ington, and it is probably a continuation northward of the rocks so extensively devel- 
oped along the Androscoggin river in Gorham, N. H., and eastward. This is near the 
northern limit of these rocks in the area we have studied. 

Mica Schists with Staurolite. South of Moose to cmaguntic lake, in townships D and 
E, and e^ttensively developed in the town of Byron, is a series of rocks consisting of 
fine-grained, thick-bedded mica schists that carry staurolite. These schists, wherever 
observations were made, have a dip almost directly north ; and the inclination does not 
usually exceed 45°, especially northward. From the south, they follow directly on the 
White Mountain gneisses. 

Chloritic and Whitish Argillitic Mica Schists. North of the rocks last mentioned, 
and east of the White Mountain gneisses, near the northern part of Moosetocmaguntic 
lake, and extending east beyond the outlet of Rangeley, there is a series of rocks con- 
sisting chiefly of chlorite and whitish argillitic schists. They are noticeable on account 
of their unconformablhty with the rocks east and south, and the abundance of quartz 
which they contain, and which lies in the line of the stratification. This rock forms 
ledges at Frye's Camp, at Houghton's Camp, and on the ridge immediately south of 
the Mountain View house at the outlet of Rangeley lake. 

Bald mountain, an isolated peak between Rangeley and Moosetocmaguntic lakes, al- 
tliough chiefly granite south of the ridge just mentioned, has upon its top a great mass 
of this schist, which was caught in the granite. Indian Rock, at the mouth of Kenne- 
bago river, and femed in the annals of fishermen, is a wonderfully contorted argiUite, 
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and may possibly belong to a different series of rocks. The hill immediately north of 
Cupsuptic lake is a light gray argillitic schist. The strata are nearly everywhere verti- 
cal, and the strike is N. 40° E. Northward along the river there is no outcrop of rocks 
for several miles ; but at the falls of the Cupsuptic a rock similar to the last is found. 
It difftrs from it in being of a darker color, somewhat more siliceous, and weathering 
with a pitted surface near where it comes in contact with an intrusive granite. Having 
seen a similar change elsewhere in the same kind of rock, under the same circum- 
stances, it is more than probable that the granite was in some measure the cause of 
the change. 

Sandstone Schist. Three miles Dorth of Kennebago lake, on the Kennebago river, 
we find a sandstone schist. Although it often resembles a mica schist, yet nearly every- 
where there is no doubt as to the character of the rock ; and in some localities the frag- 
ments of which it is composed are a quarter of an inch in diameter, and very distinct, 
especially on the weathered surface of the rock. Elsewhere it has been greatly changed ; 
and in some localities we find crystals of feldspar that have been produced since the 
sedimentation of the rock. This sandstone extends northerly some eight miles along 
the Kennebago river. On the mountain ridge north of Kennebago lake, where the 
sandstone first appears, the strata are nearly vertical, and the strike is N. 70° E. ; but 
along the river the strike Is more northerly. South of this great area of rock we have 
red and light gray argillites, and on the north we have diorite with serpentine. This 
sandstone schist is the rock on the boundary at the head waters of the Cupsuptic 
river, and it extends at least three miles southward along that stream ; and (he same 
rock outcrops on the Magalloway at Little Boys' falls north of Parmachena lake,— so 
that the area of this rock is exceedingly irregular in outline. 

North-west of Kennebago lake, and extending south below the falls on the Kenne- 
bago river, there is an area of light gray, dark purple, and red argillites. The strata 
are vertical where observations have been taken ; and there are sudden changes from 
one variety to the other. These argillites are probably the finer sediments derived from 
the great mass of material from which the sandstone schists were formed. 

Diabase and Diorite with Serfieniine. Diabase occupies an area on the Kennebago 
river. The most northern outcrop is about a mile from its mouth, and it extends a 
mile and a half northward along the river, and eastward towards Quimby pond. It is 
not altogether certain that this is a metamorphic rock. If only the southern outcrop 
had been seen, and the rock had been studied only in the field, we could have reached 
no other conclusion than that it was intrusive, yet other outcrops strongly indicate that 
the rock is metamorphic. At the head of one of the north-west branches of the Ken- 
nebago, which rises near the point where the boundary extends farthest southward, 
there Is a fine-grained greenish rock, which would probably be distinguished as mela- 
phyre by the German geologists. The area is limited here ; but there are extensive out- 
crops on the boundary of New Hampshire, the summit of Mt. Carmel being composed 
of similar rock. The metamorphic diorite is one of the most interesting rocks found 
in this section of Maine. It outcrops on the Kennebago about twelve miles north of 
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Kennebago lake. Very few ledges are seen. The boulders, however, are large and 
numerous. But what is most important, it is undoubtedly the rock the metamor- 
pkisin of which has produced the serpentine, which is also abundant here. The boul- 
ders of serpentine are first found in great numbers about ten miles north of Kennebago 
lake. They are enormous in size, sometimes 30 or 40 feet in length ; and with these 
are boulders of dtorite of nearly the same dimensions ; but where the ledges appear, 
the diorite evidently passes into serpentine. 

Argillilic Mica Schist -with Stanrolile. West of the gneiss containing limestone in 
Phillips, we have a mica schist which, westward in Madrid, becomes quite argillaceous 
and then again, in the south-west corner of Madrid and in Sandy River Ilantition 
and west as far as Rangeley lake, this rock has more the characteristics of a tvi-ical 
mica schist. The strata are everywhere vertical, or nearly so; and often there are 
beautiful crystals of staurolile. One of the finest outcrops with these crystals is at a 
school-house north of Sandy river, three and a half miles west of Madrid village. In the 
river, below the dam at Madrid village, there is a fine-grained, thickly-bedded mica 
schist, which contains concretionary nodules of granite from three inches to a foot in 
length, and from two to eight inches in width. In the larger ones the proportional 
width is much less than in the smaller ones. Five rods below the dam, the fissile ad- 
dalusite schist has essentially the same strike and dip_ as the compact mica schist above. 
North-west of Madrid village there is a large area of ferruginous schists that probably 
belong to a different series of rocks from those we are considering. In the west part 
of Sandy River Plantation, and in the east part of Rangeley, we have mica schist with 
staurolile. This schist is extensively developed on Saddle-back stream, which flows 
near the Greenvale house. Following up this stream, we find, for nearly half a mile, 
both the schist and the conglomerate ; and there is such an intermingling of the two, 
that, unless there have been great changes in the rocks since they were uplifted to 
their present position, they must belong to the same series of rocks. When the stream 
turns and comes more from the east, we leave the conglomerate. Above, a deep gorge 
has been cut in the schist along the strike. On the hill south-east of the Greenvale 
house, where the steep ascent begins, there is a mica schist with staurolite, and the dip 
is S. 20° E. 82°. There is a conglomerate included in this, and unconformable with 
it. On the face of the clifl"it was not more than 120 feet in width, but it becomes wider 
as we ascend the hill. It dips N. 30° W. 75°, and stands on the upturned edges of the 
staurolite schist : so it is clear that we have two bands of conglomerate. Just south of 
the inlet of the lake, the schist and conglomerate have the same relations that they do 
on Saddle-back stream. This schist is more extensively developed in this section of 
Maine than any other rock, for, with some of the White Mountain gneisses and schists, 
it occupies the whole country to the north-east as far as Dead river in Flagstaff. 

Rangeley Conglomerate. This conglomerate has given rise to much discussion, on 
account of the flattening and distortion of some of the pebbles of which it is composed, 
but its atratigraphical relations have received very little attention. This conglomerate 
is confined to a limited area, extending N. 30° E. and S. 30" W. from the inlet of 
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Rangeley lake. It is not far from a mile in width, but it becomes narrower northward, 
and in the middle of Dallas Plantation it is only a few rods in width. In the stream 
near the Greenvale house there seems to be, on the weathered surfaces, a marked dif- 
ference between the staurolite schist and the conglomerate ; but, breaking the conglom- 
erate, every portion of it, except where there are actually pebbles, resembles in all re- 
spects the schist; even the slaurolite is not wanting. Going across the stratification, 
we find places where there is an abundance of pebbles, and then they are wanting alto- 
gether, or have been so changed that they are not apparent. There are fine outcrops 
of conglomerate three quarters of a mile from Greenwich on the road to Rangeley, and 
at MoKey ledge, near the inlet of the lake. Some of the fragments at the former local- 
ity are a foot in diameter. The conglomerate on its north-west border, both north and 
south of the lake, passes gradually into a rock, which without a lens cannot be distin- 
guished from common gneiss. Looking at this conglomerate now, as a whole, it has 
the appearance of havingbeen formed from fragments derived from a rock which is now 
the argillitic mica schist with staurolite, before great metamorphic changes had taken 
place. The re-formed sediments, which are now the cementing material of the conglom- 
erate, were so little assorted, that in the subsequent changes, in which both the eon- 
glomerate and the schist were involved, this material and the schist became essentially 
the same kind of rock. 

Paleozoic, 

Wrinkled Argillaceo IS SrAist with hard Micaceous Bands. West of the conglom- 
erate there IS a bioad area of rock consisting chiefly of wrinkled argillaceous schists 
and a few hard micaceous binds They are found on the hills south of Rangeley lake, 
and, north of the hke from where the conglomerate ends, it extends nearly to the out- 
let, fn the east part ot Kangelej it is limited northward near Gulf pond by an intru- 
sive diorite, but, west, it extends about three miles north of Quimby pond. This band 
of rocks has one characteristic in common with some of the paleozoic rocks in New 
Hampshire : the veins of quartz by which it is penetrated, as well as those in the rocks 
immediately adjoining it, have a decidedly fetid odor. There is a band of this schist 
in the hill south-east of Greenvale : so it either extends around the Rangeley conglom- 
ei-ate, or there is here a repetition of the band to the west. The conglomerate men- 
tioned as being found on this hill seems to be associated with this schist, rather than 
with the staurolite schist. 

Lower Helderbsrg and Oriskany. There is quite a large area in the vicinity of Ken- 
nebago lalte that most probably belongs to the Lower Helderberg and Oriskany. From 
their fossils, we are sure that some of the rocks belong to these groups. The area of 
Lower Helderberg and Oriskany in the vicinity of I'atlin pond has been known for many 
years, and its limits on the south-west have been pretty clearly defined. The area in 
Fiagstaff was pointed out for the first time by me at the Portland meeting of the Asso- 
ciation for the Advancement of Science ; and this now adds another to the many areas 
of these rocks already discovered. 
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Slates. There is a band of argillaceous rocks that are unlike, in their physical char- 
acteristics, any we have described, which is found on both sides of Kcnnebago lake. 
The most southern outcrop seen is on Spotted mountain, south of John's pond ; the 
most northern, on Kennebago East mountain. The rock is generally thick-bedded. 
Sometimes it has the appearance of an argillaceous sandstone, and it is sometimes a 
little micaceous ; and often the finest and most purely argillaceous bands pass sud- 
denly into a slate conglomerate. The argillaceous rock on the ridge between John's 
pond and the south end of Kennebago lake breaks up into fragments more like shale 
than slate. The strike of this rock is N. 40° W, 

Slate Conglomtrate. The transition of the slate into conglomerate is so sudden that 
we do not suspect its presence until we see the boulders or ledges where the change 
occurs. Boulders of slate conglomerate are abundant on the southern shores of Ken- 
nebago lake, and outcrop in the vicinity of Flatiron pond. 

Calcareous Sandstone with Fossils. Several years ago Mr. H. P. Dill found boulders 
of fossJIiferous rocks along the river in Phillips ; hence it has long been known that 
fossiliferous bands existed somewhere in this section. The rock seen in the vicinity of 
Kennebago lake is not the same as the boulders of Phillips, though further exploration 
may show that they are found here ; but it seems more probable that the ledges from 
whence the Phillips boulders are derived are in some other locality, since the Phillips 
boulders are a pure sandstone, with fossils of Lower Helderberg types, while here the 
rock is a calcareous sandstone, with some fossils that are found with the Oriskany in 
the vicinity of Parlin pond. The change, however, does not appear to be any greater 
than it is between Parhn pond and Moose river. It has long been known that the line 
of demarcation between the Lower Helderberg and Oriskany In Maine is not so well 
defined as it is in New York. At Kennebago lake the number of species is quite hm- 
ited, and they can scarcely be distinguished except upon the weathered edges of the 
rocks where some of them are well brought out. 

The fossiUferous rocks here are probably limited to the area north of Spotted moun- 
tain between Flatiron pond and the bridle-path. 

Glacial Drift. The study of drift in a region entirely covered by forests is more dif- 
ficult, even, than the study of the ledges. In the vicinity of Rangeley lake, however, 
where there are farms, the absence of stratified drift is generally very noticeable. The 
most common boulders in the country about the east end of Rangeley lake are diorite ; 
and these are derived chiefly from the numerous dykes in the west part of the town of 
Kangeley. There are very few boulders except of diorite on the bridle-path to Kenne- 
bago until we get within three miles of the lake, when we have those of slate conglom- 
erate, calcareous sandstone, fossiliferous, and a few granite boulders. 

About ten miles north of Kennebago lake, particularly on the west side of the river, 
we find a remarkable collection of boulders. They consist of sandstone schist, serpen- 
tine, and chlorite, with a few granite boulders ; but as we go northward, the granite 
boulders increase, and soon they begin to predominate, and the others disappear alto- 
gether. Some of tliese boulders are of enormous size, and are probably derived from 



Hosted by 



Goosle 



HEAD WATERS OF THE ANDROSCOGGIN. 365 

ledges in tlieir immediate vicinity. Tliere is another great collection of boulders on 
the Cupsuptic river below the gorge already referred to; and these are derived from 
the granite ridges on eitlier side of the stream, — for, soon after we pass the granite 
ridges, these boulders disappear. Elsewhere no great collections of boulders were ob- 
served. 

The drift striie on Bald mountain, between Moosetocmaguntlc and Rangeley lakes, 
are S. 55° E. ; near Rangeley, on the south side and near the inlet, S. 35" E. ; and on 
the high land south-east of Dodge pond, S. 65° E. The striw here are in the direction 
of Saddle-back mountain. 

Modified Drift. Karnes, etc. A few gravel ridges in the west part of Dallas Planta- 
tion were the only gravel deposits resembling kames that were seen vn the vicinity of 
Rangeley lake. On the lower part of the Kennebago river there are some well marked 
kamcs ; and their absence was also noted on the river till we get about ten miles north 
of Kennebago lake, where there are some well marked ridges, but these do not extend 
more than two miles. On Cupsuptic river there is an almost entire absence of kames, 
as in the other regions we traversed ; but on the lower part of the Cupsuptic, for six or 
eight miles, there are sand and gravel plains extending some distance from the river. 
These sand plains are characteristic, also, of the Magalloway ; but, so far as our ob- 
n goes, they are wanting on the Kennebago. 



Eruptive Rocks. 

Granite. On the nor I vest bnnci of the Ke nebago r er near ts source, there 
is a band of granite probably two les de 1 a typcal ar et consisting of 
quarts, feldspar, and m ct n n o e nea Ij eq I proport ons than e often find them. 




Fig. 64.— Bald Moitntaim. 



There are, however, two kinds of feldspar, the triclinic being more abundant than i 



is commonly found in the coari 

Cupsuptic river, in No. 4. K. 4, ' 

and south nearly through the en 

VOL. III. 47 



r varieties of the New England granites. On the 
a find a similar kind of granite, which extends north 
re range. South-west, in No. 5, R. I and 2, there 
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are large areas of granite; but its greatest development we find on Observatory and 
Aziscohos mountains, and there is quite an extensive outcrop in No. 4, R. i, on the 
south-west side of a hil! north-west of the upper dam. The top of Bald mountain, 
between Rangeley and Moosetocmaguntic lakes, except its very summit, is composed 
of this same coarse granite. The nij m which the schist is caught shows better the 
intrusive character of the Conway granite than any other examile v.e ha\e seen. 
Fig. 64 shows clearly this feature. To the left on llie border of the iake we have 
the schist with an easterly dip; and as ne ascend the mountiin the granite suddenly 
appears, and extends almost to the \ery summit wh th is crowned with the same 
kind of schist as that at the base ; but in it la a well defined band of giimte about 
six feet wide, cutting it so sharply that the dip which is westerly is essentially the 
same as that of the mass on either side South e^'it of Moosetocmaguntic hke, in 
township D on the head waters of Swift river, there is a band of granite, but it Is a 
finer variety than those found northward. 

Diorile. The most extensive outcrop of intrusive diorite found in New England has 
its southern limit near Gull pond, and outcrops are found for more than four miles to 
the north. South-east of Kennebago lake it forms a sharp mountain ridge, which rises 
more than 600 feet above the lake. Tlie rock is generally a mica diorite, and it often 
contains garnets. On the southern limit of this diorite are fragments of schist ; and it 
probably also penetrates the Paleozoic strata in the vicinity of Kennebago lake. There 
are many dykes of diorite in Rangeley immediately north of the lake, and the rock re- 
sembles the great outcrop northward, except that there is more hornblende and fewer 

Fehite. The summit of the diorite ridge south-east of Kennebago lake is chiefly a 
compact feldspar ; and one variety contains a few garnets and a little mica. Tliis forms 
great cliffs near the summit of the tidge. 



APPENDIX G. 



THE ATLANTIC SYSTEM OF MOUNTAINS. 

Want of time will prevent us from preparing a chapter upon the elevation of moun- 
tains and the occurrence of earthquakes, as promised in the preface to Volume I. In 
its stead, I will describe in greater detail the suggestion made upon page 6, Volume II, 
in regard to the distinctive features of the Atlantic system of mountains. I hardly 
need say there is a world-wide difference between the views of the age of mountains 
expressed in these reports, and those entertained by the mefamorphic school of geolo- 
gists. For this reason, it is important to set forth the correct history of the whole 
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Atlantic range, In the hope that the public will see that the name Appalachian ovight 
never to be applied to any of the New Hampshire mountains. 

The Atlantic system of mountains includes the high lands bordering the Atlantic 
ocean between Newfoundland and Alabama, bounded westerly by a depression readily 
traceable from the St. Lawrence and Hudson valleys to East Tennessee and northern 
Alabiiiiia. It may naturally be divided into three sections,— northern, middle, and 
southern, each entirely encircled by low land, if not the level of the sea. 

The northern section is confined to Newfoundland, entirely surrounded by water. 
The culminating point is about 2,000 feet. The Nova Scotia elevation may be regarded 

The middle section, with a Green Mountain branch, is nearly encircled by tide-water, 
having the St. Lawrence gulf and river opposite a great portion, thence following the 
Champlain depression to the Hudson, the highest divide being 150 feet above the sea. 
From Albany to New York, and thence around to the starting-point, it is all tide-water. 
The culminating point is Mt. Washington, 6,293 feet. 

The southern section is the longest and highest, reaching 6,700 feet in western North 
Carolina. The eastern boundary is washed by the sea; and the western is the great 
valley between the Hudson and Alabama. 

The course of the Great Appalachian valley may be traced minutely thus : From the 
St. Lawrence to Lake Champiain is a rise of 90 feet. Sixty feet more brings us to the 
highest point in the depression between Lake Champlain and the Hudson river. The 
valley leaves the Hudson west of the Highlands, strikes across through northern New 
Jersey to the Kiitalinny in Pennsylvania, 10 to 18 miles wide, and from 200 to 600 
feel high. There is then a descent to the Potomac, and an elevation to the head of 
the Shenandoah. Continuing southerly, this valley rises to 2,595 feet at the highest 
pari, near tlie sources of the Holston river. Following the great valley of Virginia, the 
altitude is 2,741 feet near the south line of the state, 898 at Knoxville, and 675 feet at 
Chattanooga. The highest part of this valley in Virginia does not correspond in lati- 
tude with the culmination of the mountains, as that point is reached in western North 
Carolina. This valley is regarded as the western boundary of the Atlantic E3'stem, and 
the eastern limit of the Appalachian ranges. 

A section from East Virginia to Cincinnati crosses five different types of orographic 
structure. First, is the Atlantic plain, nearly 150 miles wide. No mountains exist in 
it. The elevations are those made by streams cutting into the Cretaceous and Tertiary 
horizontal deposits, which when protracted display crenulated edges. Second, are the 
elevations of the Atlantic system known as the Blue Ridge, with obtusely pointed sura- 
mils. Third, is the valley of the Shenandoah. Fourth, are the long, narrow Appala- 
chian ridges or the Alleghany Mountains. Fifth, is the elevated plateau, called collec- 
tively the Cumberland-Alleghany-Catskill plateau, with a quaquaversal arborescent 
drainage. The Hudson river, with its Mohawk tributary and the Susquehanna river, 
cut across all these five types of orographic structure. 

Most authors call the Atlantic and Appalachian systems by this latter rtame only. I 
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shall endeavor to show, from a study of their contours, their geological structure and 
composition, their separation by a great valley, and their identity with the Alps and 
Jura of Europe, that they are sufficiently diverse to be known by different names. 

Disiinclive Atlantic Features. These rnountains occur as short, sharp ridges par- 
allel to one another in echelon arrangement. Their summit lines are irregular, and 
their peaks obtusely pointed. The culminating points are higher than those of their 
neighbors, reaching 6,300 in the middle and 6,700 feet in the southern sections. The 
rocks are ancient gneiss of Eozoic age. Laurentian, Montalban, and Hnronian, with 
commonly inverted dips. The periods of elevation were mostly pre-Silurian. On the 
west side of the Green Mountains of Vermont and the Blue Ridge in Virginia, a portion 
of the earth-masses included with other systems consists of Silurian sediments standing 
at high angles. These are so involved with the gneiss as to indicate an elevation in 
Middle Silurian times. 

Distinctive Appalachian Features. Contrasting with the Atlantic elevations, the 
Appalachian ones occur in interminably long and narrow ridges, having level summits 
curving in the form of loops in the north, and terminating in pairs of straight ridges 
cut off short by faults In the south. Occasional gaps in them allow of the passage of 
roads. The elevation is usually 1,000 feet. The variation is from Soo to 2,500 feet ; 
and in the Peaks of Otter in Virginia 4,000 feet is reached, in the neigliborhood of the 
greatest elevation of the boundary valley. The rocks are altogether sedimentary, con- 
sisting of sandstones, shales, and a few limestones. They are curved, making the 
normal and symmetrical folds like a series of ocean waves. None of the dips are in- 
verted. They are Paleozoic exclusively ; and pebbles of the sandstone have often been 
derived from the breaking down of the crystalline schists of the Atlantic rocks to the 
east. The period of the elevation was at the close of Carboniferous time. 

Connected with this is the great plateau, commencing in Alabama and Tennessee, or 
the Cumberland tableland, with a mean elevation of 2,000 feet, and a width of 30 to 40 
miles. This is 3,000 feet high in Penn.sylvania. It occupies a considerable breadth in 
central and southern New York, 2,000-2,600 feet high, and, highest of all in the Cats- 
kills. 3.800 feet. Here it terminates. It differs from the Appalachian mountains only 
in the smallness of the foldings, since in the coal plateau of Pennsylvania six basins, 
with the anticUnal arches between them, are described, and the same axes are pro- 
longed northwardly into New York, 

The Appalachians are divided along the Kenawha river in Virginia by a north-west- 
south-east fault, coinciding nearly with the highest part of the great valley. The Ke- 
nawha is the only one of the rivers flowing into the Mississippi valley that reaches and 
crosses tlie great valley. This break was produced by a great strain upon the crust, 
evidenced in the fall of the land northerly. It will be noted that the Atlantic moun- 
tains start with the culmination in North Carolina, and in northern Virginia divide, the 
one branch becoming the South Mountains in Pennsylvania, and the otiier sinks to the 
sea-level near Philadelphia. The low mountains of Staten Island indicate its place near 
New York. They rise into the White Mountains of New Hampsliire beyond New York. 
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Then there was a sag along Hudson rirer, which may indicate the course of another 
break at the lowest part of the mountains just as the other fault shows itself along the 
Kanawha where the ge-anliclinal ridge is manifest. 

Concerning the great valley, Lesley remarks that there is " an unbroken rim of Que- 
bec and Laurenlian from Georgia to the extreme eastern end of Canada, contrasted 
strongly with the plateau of the coal, commencing in Alabama and cut otf square by 
the Hudson, the open valley of the Lower Silurians everywhere keeping the two systems 

In Europe, physical geographers refer the Alps and Jura mountains to different sys- 
tems, characterized by features similar to those just indicated between the two portions 
of eastern America. The Alps correspond to the Atlantic, the Jura to the Appalachian, 
and the valley of Switzerland, prolonged into Bavaria and Moravia, to the great Appa- 
lachian valley. A section from Italy lo the Rhine valley would be very much like the 
one in our country from eastern Virginia across to Cincinnati. 

The Alps are composed of crystalline rocks centrally, with Carboniferous, Mesozoic, 
and Cenozoic groups corresponding to each other upon botli sides. The structure is 
fan-shaped, but explained by supposing it to have been an anticlinal arch like a loop 
overhead, long since broken down and removed by denudation. The newer groups are 
arranged in close synclinal troughs, the older nearest the central crystallines, and con 
sequently sometimes resting upon the newer ones by a species of inversion. The rocks 
of the Jura are largely Mesozoic, and are the best known exhibitions of the particular 
belts called for that reason the Jurassic. The Alps and Jura of America are there- 
fore very much like their prototypes in Europe, in all essential particulars. 

Authors have variously compared the American with the Swiss mountains. Guyot* 
says that the western portion is like the Jura, — adding that " there is one feature which 
distinguishes it [the Appalachian] from the Jura: it is the well-marked division into 
two longitudinal zones of elevation," or the ones distinguished above as Atlantic and 
Appalachian. The same author includes the Adirondack mountains with the Appa- 
lachians. J. D. Whitney t speaks of the Cordilleras (Pacific highlands) as like the Alps, 
and the Appalachian (Atlantic highlands leaving out Adirondacks) as like the Jura. 
The attempts of these distinguished authors to correlate our mountains with the Alps 
and the Jura, strengthens our conviction of the propriety of using special names for 
the chains corresponding lo Ihem so perfectly as do the two divisions mentioned south 
of the St. Lawrence. 

That the name Appalachian is commonly used to include both these systems, is 
undeniable. My suggestion is, that we adopt an improved terminology, at least in 
geological treatises. Two or three considerations may he noted, i. The desire for 
a single name lo express the mountains along the eastern slope of the continent has 
led to the undue extension of the name Appalachian, But it should be remembered 
that, if it is used appropriately, it must include the Adirondacks and Labrador moun- 
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tains also, for in the study of geography we are not to be confined to the limits of the 
United States. So far as appropriateness is concerned, we may as well include the Lab- 
rador as the White Mountains under the name Appalachian, — in fact, we must. Guyot, 
in his Pkyskal Geography (1873), has perceived this difficulty in terms, and uses the 
name Atlantic highlands to include all the elevated region adjoining the eastern coast, 
and places the Adirondacks with the Appalachians, calling attention to the plain east 
of them. Harper's School Geography follows Gayot in using the terms Atlantic and Pa- 
cific highlands for the mountainous regions on the two sides of the continent. 1. The 
merging of these two systems under one name has been facihiated also by false theo- 
retical notions. The advocates of the metamorphism of New England rocks legiti- 
mately assume the Atlantic to be of the same age with the Appalachians. !f their 
doctrines were correct, this conclusion would follow. 3. The suggestion of the use of 
the term Atlantic for the eastern portion of this mountainous district is intended to be 
for geologists, not geographers. The eastern border will then have its Laurentian, 
Atlantic, and Appalachian systems of mountains formed in three separate sets of peri- 
ods, the Eozoic, early and late Paleozoic. There will be further sub-divisions of these 
three systems developed as the subject is further studied. 

History of the Atlantic Mountain System, 

The place of this system of elevation will be further appreciated after a brief sketch 
of the several important features of the physical history of the belt of land east of the 
Appaiachian valley from Newfoundland to Alabama. 

1. The original sediments of this area, now converted into rocks, were deposited in 
a basin of Laurentian rocks, the Adirondacks on the west, and near the coast an 
eastern line of similar age. The breadth of the eastern rim was greater at the south 
than in the north. 

2. Precisely how far our porphyritic gneiss, Bethlehem and Lake Winnipiseogee 
groups are coeval with tlie Laurentian, is not certain; but it is clear that the IMontalban 
rocks followed them, and that the first epoch of elevation occurred after their deposi- 
tion. The first decided evidence of disturbance is afforded by the Franconia breccia. 

3. The whole Huronian period next intervened. New Hampshire does not afford 
any eiidence of elevation where the Monlalban and Huronian rocks meet. The next 
upheavals were in connection with the disturbances accompanying the formation and 
intrusion of the Pemigewasset granites of Conway, Albany, and Chocorua, and the 
porphyry This was evidently the epoch of greatest disturbance known in the White 
Mountams It is to be compared with the elevation of the Green Mountains, where 
the Cambro*silurian formations have been folded and faulted. 

4. There seems to have been, next, a submergence giving rise to the. Gulf of St. Law- 
rence and to the Appalachian valley, unless this movement was connected with the 
Green Mountain elevation. 

5. There was also a time of depression all over northern New England, to allow of 
the accumulation otHelderberg limestones. This was followed by, — 
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6, The last imporUnt elevation known in the White Mountains. The forces caused 
the Helderberg strata to be put into vertical and inverted positions. We have no evi- 
dence illustrative of the Appalachian revolution In the Atlantic district, unless it may 
possibly be represented by the smaller curvatures in the andalusite slates along the 
Mt. Washington carriage- road. Horiiontal Devonian sandstones, resting upon inclined 
Helderberg strata along the eastern edge of the Atlantic district in Maine, fully con- 
firm us in the belief that the Appalachian revolution, at the close of the Carboniferous 
period, was principally confined to the formations west of the great valley. 

•}. The changes in Mesozoic and Cenoioic times have diminished the size of the 
Atlantic mountains, so that they are scarcely recognizable between Connecticut and 
Virginia. The deposition of the Triassic sandstones would seem to have required a 
depression below the present level. Although no marine fossils occur in them, we 
must believe the basins to have had oceanic connections. 

8. There must have been an elevation following the Triassic period sufficiently great 
to furnish the barriers for the Lower Cretaceous lake extending from eastern Long 
Island through New Jersey and 3 part of Pennsylvania. The former extension of the 
Hudson river channel 80 miles out to sea may have had some connection with the exit 
of the water from this Cretaceous lake. 

9. A later depression is indicated by the presence of shallow water, 100 miles or so 
in width, between New Jersey and the Great Banks of Newfoundland. (See PI- I, 
Vol. II.) 

ro. There must be added the changes of level described in the glacial and Champlain 
periods. Authors are not agreed as to their extent, while the current of opinion and the 
progress of discovery constantly tend to diminish their magnitude. 

This review of the history of the Atlantic chain enables us to realize its magnitude, 
although tlie northern and middle sections are now partially submerged beneath the 
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GEOLOGICAL MAP. 



Not until the last moment has the geological map in the six atlas-sheets been com- 
pleted. There are some small changes upon it from the statements of the text of Vol- 
ume II, which are in all cases improvements. The north-west sheet shows for Quebec 
the elaborate subdivisions of the Huronian (Quebec), delineated by Sir, W. E. Logan, 
not yet published in the report of the Canadian geological survey, and kindly furnished 
us by A. R. C. Selwyn, the present director. From some familiarity with the country 
south, I have endeavored to carry the same classification into Vermont. I must except 
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the Green Mountain gneiss, which Logan considered to be a metamorphic variety of 
the Sillery formation, overlying the Lauzon. As shown in my sections in the Vermont 
geological report (1861), this group everywhere underlies the Huronian, and is there- 
fore older. With this exception, I find no fault with Logan's representation of the for- 
mations, but differ from him in placing (he Lauzon below instead of above the Levis. 
Had I occasion to map the ground de novo, I should probably not use any of these 
terms. The limits of these groups have been stated upon page 463, Volume II. 

I have elsewhere pointed out the anticlinal structure of the Green Mountains. This 
fact authorizes the deduction that the formations upon both its flanks are of more mod- 
ern age, and that the Green Mountain gneiss is essentially Montalban, and underneath 
the Huronian. Essex county, Vt,, is represented very differently from the delineations 
of the state geological map. 

The additions to the Maine part of our sheets are entirely original contributions from 
our survey. Want of space prevents a description of tlie details south from the Andros- 
coggin lakes. 

I regret much not to have had sufficient time to incorporate all the observations of 
the position of strata throughout the state upon the map by appropriate symbols. The 
necessity of having every part of the work completed by a specilied date has not given 
us sufScient time to perform this task. The conclusions to be derived from such delin- 
eations have been approximately presented in PI. XXVI, Volume II. 

The maps were executed by Julius Bien, of New York, and are not surpassed, for 
excellence of finish in the coloring or engraving, by any similar work heretofore issued 
in the United States. 
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PANORAMIC VIEWS. 



Allusion has been made in Volume I to a number of panoramic views taken from 
several of the White Mountain summits, by G. F. Morse, of Portland, Me. Owing to a 
change in the size of the Atlas, it was found necessary to re-draw these hand sketches, 
and they are all sketched upon two of the large sheets. Upon the first appear pano- 
ramas from Mt. Washington and Tremont, covering the entire horizon, divided into two 
parts by the points of compass. The upper begins at the west, and terminates at the 
east, the eye looking northerly. The lower view commences where the first leaves off, 
the eye being directed southerly. The same remarks apply to the panoramic views 
from Mts. Carrigain and Chocorua upon the second sheet. Both sheets also contain 
several other profile views, covering only a small part of the circuit, being designed to 
present the aspect of important or interesting ranges. 

Another sheet has been prepared in a different style, by J. Rayner Edmands, with 
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liie help of a camera. This is like a photograph, reproducing nature exactly. A com- 
parison of the iwo styles of profiles wilt suggest many interesting remarks. 

The view from Monadnock is inserted by request, as it completely verifies the cor- 
rectness of the scout Willard's report in 1725. He "saw Pigwackett I>'ing one point 
from sd mountain and Cusagee mountain and Winnipesockey laying north East of sd 
Wannadnock." The mountains now called Pequawket, Kearsarge, and Gunstock may 
be seen in precisely the positions given by Willard. This fact indicates (he correctness 
of the common application of the names Pequawket and Kearsarge. Within the past 
two years the people of North Conway and Bartlett are beginning to write the name of 
n Kearsarge instead of K 



APPENDIX J. 

DESCRIPTiON OF A SHEET OF PROFILES TAKEN WITH A TOPOGRAPHICAL 
CAMERA. 

The topographical camera is a portable instrument, a modification of the old camera 
obscura, by the aid of which one may draw the forms of objects as seen from the point 
occupied, covering a large horizontal angle without distortion or variation of scale. A 
description of it will be found in Appalachia, Volume I, page i6g. 

In the summer of 1876, the writer, with theiirst instrument of the kind, visited several 
White Mountain summits, to test its performance, hardly expecting at first to obtain 
material of permanent value. Wlien, therefore, the results proved worthy of publica- 
tion, if became a matter of regret that they were so fragmentary in their nature; for no 
view had been drawn throughout the whole circle, and vacant foregrounds or hazy back- 
grounds rendered much of the work unavailable. During the following summer a few 
additional drawings were made ; but, owing to unforeseen circumstances, the omissions 
of the year before were not generally supplied. It is also to be regretted that copies 
of the camera drawings have not been carried, for revision, to the points at which they 
were made. In presenting the profiles shown upon the accompanying plate in the Atlas, 
the writer is conscious that much remains undone which would materially improve their 
appearance, since he has rigidly adhered to the rule of showing nothing which does 
not appear on the original drawings, except that a few conspicuous omissions are sup- 
lid d tt d 1 

Th y w tl 1 h tl I ve positions of objects can be drawn has been 

t bl h I by m m t p dependent profiles of the same subject, and also 

by mj I th d f telescopic instrument. !n some cases, haze or 

fh t II t J h used the omission of lines or parts of lines ; in 

b d t 1 m y h ve been given undue prominence in making or 

pj g th d b t n 1 the forms may be relied upon in considerable 
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detail. No satisfactory means was originaliy devised, as a part of tlie ii 
accurately locating the horizon upon the paper ; but fortunately several of the points, 
at which the fullest or most interesting profiles were drawn, were also occupied by Prof. 
E, C. Pickering with the micrometer level, thus supplying the missing data without re- 
sort to extended calculations. 

With the CYception of that from Monadnock, the profiles are published on a scale of 
about live millimeters to the degree ; but the scale attached to each is intended to com- 
pensate for unavoidable variations. To measure horizontal angles with the greatest 
attainable accuracy, use an ordinary metric scale ; but in addition to the desired angle, 
measure with it the angular distance upon the attached scale between two graduations 
nearly under the two points. The difference between the nominal angular distance on 
the attached scale and its measured angular distance, as given by Ihe scale used, should 
be applied, with the proper sign, as a correction to the angle measured upon the profile. 
Horizontal angles may be conveniently measured to tenths of a degree. For readiness 
of identification, the zero of the attached scale is made to coincide as nearly as may be 
with the south, so that its readings shall give directly the geodetic arimulh. The pro- 
file from Monadnock is on a scale of about one centimeter to the degree, or twice that 
of the others ; but for the part of the view to the right of Belknap, the data are want- 
ing for giving the precise scale. Also, the position of the horizon is not so well known 
for the second lines of profile from Monadnock and Starr King, as for the others. On 
the other hand, the distant view from Monadnock, extending between the Franconiaand 
Ossipee ranges, has received more careful treatment than anj'thing else upon the sheet. 

Any identified point not on the sky-line may be found on the profile by means of its 
vertical position, given before the name. For this purpose, mark off from the zero of 
a short paper scale the distance between the horizon and the bottom of the profile, this 
distance being shown at either end of the sheet. Then, if this mark be placed any- 
where upon the bottom line (the scale running in the direction of verticals), Ihe zero 
will indicate the level of the occupied point ; and the vertical position of the point 
sought may be read directly upon the scale. 

For indicating minor points, and also those whose names are ambiguous or little 
known, it has been found expedient to use the notation adopted by the Appalachian 
Mountain Club, and described in Appalachia, Volume I, page 7. This consists of a 
capital letter followed by two numbers. The capital letter indicates one of twenfy-six 
sections into which the slate of New Hampshire has been divided ; the number before 
the period indicates a certain mountain in the section ; and the figure after the period 
indicates a special summit of the mountain, 33 indicated upon the maps of the club, — 
that is, different summits of the same mountain differ only in the last figure of the 
designation. 

Distances, when given, are expressed in kilometres, the number being enclosed in 
brackets. One kilometre is a trifle less than five eighths of a mile. 

Conspicuous unidentified points are arbitrarily lettered, for convenience in defining 
future identifications. 
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Acadian fauna, , . . . 282 
Accumulation of ice-sheet, 8, 177, 337 
" of lower till, . 287, 308 

Adhtmar's llieory, .... 18 
Agassiz, Mt, . . 210, 213, 236 

" Prof L., theory of continent- 
al ice-slieet, 4; on kames, 174; on 
local glaciers, 231, in Bethlehem, 
234-238 ; on origin of modified 

drift 238 

Altitude of ice-sheet, 9, 320; along 
rivers— see Heights. 

Alton bay, 129 

Ammonoosuc river — Lower, 29, 61- 

63, 213, 241 i Upper, . . .138 

Amoskeag falls, . , 64, 95, 250 

granite quarry, . 179, 232 

Analyses of till and clays, . 287, 333 

Ancient river-beds, 24, 29, 37, 40, 81, 

Andover, Mass., series of kames, 167-170 
Androscoggin river, 138-141 ; valley 

glacier -2&-229 

Antarctic continent, ice-covered, s, 330 

Arctic fauna 282 

Asar (kames), ... 12, 62 

Ascutney mountain, stria, 201 ; boul- 
ders from, 196, 263; boulders on, 272 
Asliuelot river, ... 57, 67 
Astarte castanea, . . . 166, 167 
Astronomical cause of glacial period. 5-9 
32s, 328, 337 
Atlantic system of mountains, . 366 

" Backbone" of Long Island, . , 303 

Baffin's bay 317, 322 

Baker's river, ... 72, iSi, 223 

Balcli pond 148 

Ballard rock, 266 

VOL. in, 49 



Banks of Newfoundland, . . . 317 
Barbadoes pond, ... 17, i5i 
Barber's mountain, .... 49 
Barriers of ice forming lakes, 11. 65, 
115-119, 17s, 332; of modified 
drift, S3, 79. 251; of till, . 216,251 
Bartlelt boulder, . , . 269, 270 
"Bays" in lake district. . . .124 
Beach, ancient, of Winnipiseogee 

lake, 127. 138 

Beach - ridges, 101, 172-174, 311; 

about the great lakes, . 174, 332 

Bear Camp river, , . . I2r| 146 

Beaver dams 313 

Beech pond. Upper . 128, 252 

Bellows Falls, . . .47. S3. 64 

Berlin Falls 140 

Bessel, Dr. Emil . 317,319 

Bible hill, Claremont, . . .196 

Black river, delta 52 

Blackwater river, 1 13 ; valley glacier, 220 
Blue clay, 94, 131, 153-155, 158-161 

333-337 
Bluffs of modified drift, 36, 82. etc. ; 

of till 293, 296 

Boar's Head, . . . 173. 254-257 

Bottom-land, 21 ; see Interval. 

Boulder clay, . . 9,176,258 

Bouldedess areas 264 

Boulders, dispersal, 4, 237, 252-275, 
320. 339 ; carried by local glaciers 
ofWhite Mountains, 239-249; gla- 
ciated, 9, 205, 260, 277-279, 286; 
angular. 10, 286, 301; unstable, 
262, 277; rocking, 271, 357; rare 
or abundant, 264; large, 264-271 ; 
floated, 117, 158. 160, 162, 276. 
320; specimens, 273, 279; in and 
upon kames, 14, 43, 46, 107, 127, 



Hosted by 



Goosle 



378 



INDEX TO PART III. 



129, 148, 158, 162, 257; 1 
Stratford, 23, 217; Twin Moun- 
tain house, 6z, 242 ; in sand and 
clay, 89, 104, 117, 276; from Mt. 
Ascutney, 196, 263 ; on Mt. Wasli- 
ington, 204, 207, 272; at Boar's 
Head, 255; in Mancliester, 25^; 
in Hanover, 261, 270, 271; in 
Hartford, Vt. 

Brancii river, Milton, 
. Breakfast liill, Rye, 

Butler's rock, Surry, 



Camera used in sketching, . 373 

Canadian highlands, . . 321, 331 

Cape Cod, . . 282, 300-303, 337 
Carter Dome, slide, . . . 247 

•' Notch 24S, 340 

Cause of arctic climate, . 5, 324 

Champlain period, ri-15, 155, 174. 
327.331-337; deixisits, table. 176; 
lake, 94; clay, . . . 155, 176 
Changes of Merrimack river, recent, 81 
sea-level, 18,173,329-333 
Channels, deserted, 24, 29, 37, 40, 
81, 98; pre-glacial, . 26,53 

Chase rock 264-266 

Cherry mountain, . .272 

Childs pond, Thetford, Vt., . . 36 
Churchill rock,' .... 265 
Clay deposits about Winni pise ogee 
lake, 17, 131-137; near Hooksett, 
94, 334 ; in Rochester, Dover, Ex- 
eter, and Plaistow, 153-155 ; gray 
and blue clajs, 94, 153-155, 158- 

161,333-337 

Clay point, Alton, .... 134 

" Pounds, Truro, Mass., . . 302 

Clear stream, 139 

Oeavage in till, . . . 258, 308 
Climate, glacial 5-9, 285. 323, 337 
Clouds, Lake of . . . 181,204 
Coast district, 170, 203, 211, 287, 306 
Cochecho river, . 130, 151-154 
Coldest part of continent, . . 322 
Compression of lower till under ice- 
sheet, 9, 287 

Concretions 83 

Conglomerate, Triassic . . 274, 283 
Connecticut, strije, . . . 212, 214 

" lake, 340; river, modi- 

fied drift, 19-61, 333; upper val- 
ley, 20-24 ; lower valley, 26 ; del- 
tas, 23, 29, 33, 42, 52, 54, 57, 59- 
61 i dunes, 41, 51, 54, 56; kames, 
21, 29. 35, 43-48; recapitulation, 
S9-61 ; valley glacier, . 213-31S 

Continental ice— see Ice-shut; stabil- 
ity of the continents, . . 18,330 
Contoocook river, 103-120; glacial 



Contorted strata, . . 35, 52. 3 

Cooper's point, Hinsdale, 

Cobs, Upper and Lower . 

Coral islands, proving depression of 

the sea 18, 3 

Courses of stris, . 122, 183, 202. 2 

•'Crag and tail," . . 288,293,2 
;62 Cragin pond, Greenfield, . . i 

[51 Crawford house, . 62,142,275-2 

171 Croll's theory of glacial period, 5-9, 
!63 325-327,329;ofglacialmotioQ,322, 3 

Crotched mountain, . . .2 

173 Cuba mountain, striie, . . ,2 

Currents, oceanic, considered as 
cause of glacial period , 7, 324 ; of 






■Dana, Prof. James D. 11, 174, 212, 213 
214, 321, 322, 324, 329 
" Dark plains," Concord, . . 80 

Davis island, .... 130, 136 
Dawson, Principal J. W. 155, 174 

Deception, Mt. .... 242 
Decomposition of ledges, . 178,285 

Deficiency of modified drift, . . 79 
Deflected stris, 121, 212, 214, 224, 306 
Deltas, 16, 23, 29, 33, 38, 41, 52, 54, 

5?- S9-61. 72, 77, 79; of glacial 

lake in Contoocook valley. 110, 118, 1 19 
Deposition, fluviatile 15, 161, 175; 

lacustrine, 161 

Depression of sea, . . . 329-333 
Depth of drift, 292 ; of Winnipiseo- 

gee lake. 120 

Dispersion of boulders, 4, 252-275; 

centres of, for ice-sheet, . 319-324 
Distances along Connecticut river, 

59-61; along Merrimack river, , 102 

Distances travelled by boulders, 256, 259 

261-263, 274, 320 

Distribution of till, . . 9, 285-309 

Disiurbances in modified drift, 35, 52, 311 

Dover point, 161 

Drift deposits, table of, 176; three 

divisions, 285; total depth, 292; 

map 323 

Driftless area of Wisconsin, . . 323 
"Drums" of till, . . . 288, 307 
Dunes, 16; in Connecticut valley, 41, 

42, 51, 54, 56; in Merrimack val- 

l^v. 73t 74. 78 ; in Peterborough, 

lo's; south-east of Ossipee lake, . 147 

East pond 150 

Eccentricity of the earth's orbit, con- 
Edmands, J. Rayner . . . 372 
sidered as cause of glacial period, 

6-9. 3'S 
115-119 Elephant rock. .... 267 
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Elevation of land, as cause of glacial 
.period, 7. 213, 324- 339- 337; ap- 
parent, due to changes of sea-level, i8 
3^9-333 

Elizabeth islands, ' " 

Ellis river glaciers 

Embossed ledge 



Ephra 






95, 204 



, 319, 223. 225, 227 
in,. Me., 
!, precession of 
Erie clay, 

Erosion by ice-sheet, 5, 8, 178, 285, 
308; by rivers, 15. 3^, S^. 59- 70, 
8z, 124, 143. 333 ; by the sea, 303 ; 
by rivulets, producing irregular 
outlines, 41 ; total in state, includ- 
ing pre-glaeial, 
Eskers (kames), 

" sienite boulders, . 
Exploration of modified drift. 



Fairlee pond, . 

Fall mountain. 

Falls, Fifteen-miles, 24-26; below 
do., 26, 39; on Sugar river, 50 
Bellows, 53 ; Livermore, 7a ; neai 
Bristol, 74; in Franklin, 77, 123; 
in Concord, 80; Amoskeag, 95, 
250 ; in Nashua, 99 ; on Contoo- 
cook river, 102, 106, iir; ii ' 
trim, 119; on Androscoggin 
140; on Salmon Falls river. 

Faults in modified drift, 

Faunas, , 

Fifteen-Miles falls, . 

Flint, William F. . 

Floated boulders, 



35 



Flood-plain, present — si 
of Champlain period- 
intermediate, 

Floods of the Chaniplai 



39. '07 
2S2, 284, 338 
24-26 
9. 173. 35°. 3S2 
7, 158, 160, 162 
276, 320 
Intervals; 

49. 5S 



period, 



339 



Flumes of White Mountain; 
Flume boulder, 269; mountain, . 275 
Fluvial deposits, . , . 243, 338 
Folded layers of clay, , . 35.52 

Formation of till, ... 9, 285 
Fossils, 18, 38, 83, 163, 165-167, 281, 282 
326, 337 
Fractured ledges, .... 178 
Franklin, Sir John . . . .320 
French pond, Haverhill, . . , 30 
Frost, fracturing ledges, 179; action 
on Mt. Washington, . . .207 

Fuller, C. B 281 

Furrows — see Stria; lunoid, . . 182 



Gaps in Connecticut kame, 



46 



Geikie, on cause of glacial period, 
S ; on kames, 14, 174; on glaciated 
stones, 205, 279 1 on "drums," 288, 
307 ; on till and intercalated beds, 326 

Geodetic positions determined by U, 
S. Coast Survey 375 

Geological map 371 

Gianfs grave, 62 

Glacial drift, 9, 10, 176, 286, Chap- 
ter II ; sections, 290 ; depth, 293 ; 
map 323 

Glacial periods, indications of, 4, 28, 
285 ; cause, 5, 314, 324 ; date and 
length, 6, 327; order of events, 
337. See Ice-skeel. 

Glacial periods, indications of for- 
mer ... 6, 274, 283, 285 

Glacial rivers, 11-14, 44, 303; sub- 
glacial, .... 308, 318 

Glaciated stones, 9, 203, 260, 277-279, 286 

Glaciers, local, 213, 215, 236, 239, 
337; latest, 230-249; in Bethle- 
hem (Agassiz), 234; in the White 
Mountains, 239 ; in Vermont, 250 ; 
in Greenland, 5, 315 ; in the Alps, 
4, 7, 314; in Scandinavia and 
Scotland (ice-sheets), , . . 315 

Glacis terraces, ... 33, 35 

Glen house, .... 209, 210 

Gravel ridges — see Kames. 

Gravitation, causing marine submer- 
gence 18, 339-333 

Gray clay, . 94, 153-155, 158-161 

Great rock, Wentworth, . . . 271 
Green Mountains, striie, . . 203 

Green Mountain Giant, . . . 265 
Greenland, . . ■ 5, 8, 315-324 
Ground-moraine, 9, 176, 205, 235, 282 
287, 392, 308, 318 
Gullies in modified drift, . 41, 46 

Gunstock mountain, stria, 201 ; boul- 
ders, 273; river, . . .130 

Hall's stream 20, 338 

Hardpan (lower til!), . 9, 176, 283 

Haverhill, Mass., series of kames, . 170 
Hawes, George W, . 286, 333-336 

Haj-es, Dr. I.I., 316; John L, 166, 173 
Heights along Connecticut river, 59- 
61; along Merrimack river, 102; 
at Orange and Newbury summits, 
65 ; in the lake district, 103, 121 ; 
along Contoocook river, etc., 119; 
in Dover, 156; on Long Island, 
304; relative heights of land and 

sea 18,329 

Highest normal terraces, 16, 61, 103 

Hills enclosed by modified drift, 38, 
49, 96; of glacial drift, 287-309 ; 
of modified drift, . , . 304 
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Hitchcock, C. H., chaptec by, 177; 
on kames, 174; Champlain days, 

Hitchcock, Dt. E.. on kames, 13, 
167, 174; Monadnock mountain, 
107; Mt. Washington, 203; local 
glaciers 215, 

Hoist, Dr. N. O., of Sweden, . 

Horsebacks, 

Horseshoe pond. Concord, 

Houston, Prof. E. J 

•Hudson river, 94, 332; submarine 
channel, . . .331- 

Humboldt glacier, - . - 5, 

Hummel, D., of Sweden, 

Huntington, J, H. 13S; on Coiis 
county, 338 ; on Geology of Head- 
waters of Androscoggin river, 



Iceberg theory, . 178, 195, 197, 1 
238, 362, 284, I 

Icebergs, origin of . . . 5, ; 

Ice-sheet, formation of, 7, 8, 1 77 ; ex- 
tent and thickness in America, 5, 
301-305, 320, 323, 330 ; in Europe, 
3'5i 330i effect in gravitation, 18, 
329-333; motion, 5. 7, 177, 202, 

92, 115,' 121, 137] 149, 163. '174! 
175,238,305,327,337; reifdvance, 
i3, 163.326; centres of dispersion, 
3'S. 319-324; ground-moraine, 9, 
235, 282, 287, 308 ; contained ma- 
terial, 10, 11,15, i7Si292; termi- 
nal moraine. . . 301-305.3 
Indian "kettles," 66; "mortars," . 2 
" Ridge, Andover, Mass., , i 

Intercalated beds, 6, 17, 108, 125, 131, 1 
159, 163, 279, 289, 308, 3 



Inter-glacial periods. 

Intersecting striie, . . 195, igo, 

Intervals, 3, 11, 16; on Connecticut 
river, 21, 27, 29, 41, 52; below 
Fabyan house, 63 ; on Pemigewas- 
set and Merrimack river, 72, 81, 
9; ; on Saco river, . . 141, 

Iron, in lower till, 9, 286, 307 ; in 
upper till, 10, 286; in gray and 
blue clays, .... 333- 

Isles of Shoals 

Isolated plateaus of modified drift, i\ 



Kames, defined, 12; synonyms, 1 
176; origin of, 13, 14.44,91, 17 



. ., 39. 43. 8?- 107, 150, 
160, 172; boulders in and upon, 
14, 43,46, 107, 127, 129, 148, 158; 
changing into moraines, 8;, 38, 93, 
145 ; authors wlio have treated of, 
174; — in Colebrook, 21, 339; at 
Wells River, 29 ; Connecticut 
series from L)'me to Windsor, 35, 
&c., 43-46; southward, 47, 48; 
near Fabyan house, 62, 277 ; near 
Orange summit, 64 ; at Little Sun- 
apee lake, 66; in Thornton, 71; 
in Franklin and Boscawen, 76; in 
Concord, 84, 259; Merrimack se- 
ries from Loudon to Manchester, 
85-92 ; in Hudson, 92 ; in Nashua, 
93 ; on Salmon brook, in Mass., 
99; in Peterborough, 104, 117; in 
Bennington, 106, no, 116; in 
Henniker, 111, 114; near South 
Ashburnham, Mass., loo, 115; in 
Tihon, &c., 124, 125 ; about Win- 
nipiseogee lake, 127-130, 138 ; 
Ossipee series, near Six-mile pond 
and along Pine river, 144-149; 
near Union Village, 151 ; near 
Farmington, 152 ; near Dover, 158- 
162, 257; Andover, Mass., series, 
167-170 ; Haverhill, Mass., se- 
ries, 170; in Newburyport, Mass., 
171 ; on Cape Cod, 

Kame-like plains about Dover and 
southward, 17, 155-164, i7o-[72; 
at Plymouth, Mass 

Kane, Dr. E. K 

Kearsarge mountain, i8[, 200, 220, 

Kilburn peak 

King, Clarence .... 



Labrador, outflow of ice-sheet from, 

319-325 ; fauna 2 

Lafayette mountain, . . .2 
Lake basins, 350-252; ramparts. 310; 

margins 138. 3, 

Lake district, 120-138, 203, 211, 224. 21 

Lake ridges 174, 3, 

Lakes held by ice-barriers, 11,65, 

115-119; lakes silted full, 23, 63, 1 
Lamination of the lower till, 258, 287, 31 
Laurentian highlands, . . 8, 3 

Leda clay 166, 1; 

Leda truncata, . . . .11 

Ledges, rounded or embossed, 4, 

iSo, 195,219, 223; fractured, 178; 

striated, li 

Lee side, li 

Lenticular hills of glacial drift, 10. 

69, 101, 176, 233, 254, 2S2, 2S7- 

309; origin. 307-309; slopes, 233, 21 
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Levelling, 19; heights determined 
by, . . 59-61, 102, 103, itg, I 

Lewis, EJias, Jr., .... 2 

Limestone areas, boulderless, 264 ; 
hills 3 

Little Squam lake, . . 126, 132, 1 

Little Sugar river, ... 40, 

Little Sunapee lake, 

Livermore falls, .... 

Local glaciers. 212, 215, 230-250, 3 

Log in modified drift, 

Long Island, 172, 303-30S. 331-333. 3 

Lovell's mountain, strias, 201 ; boul- 

Lower Ammonoosuc river, 29, 61-63, 
213; valley glacier, ... 2 

Lower till, defined, 9, 176, 258, 282, 
286 ; sections, 290 ; distribution, 
287 ; accumulation, 308 ; at Boar's 
Head, 255; Hartford, Vt., 262; 
Portland, Me., 279 ; Lyndebor- 
otigh, 283 ; lenticular hills, . 287-3 

Lull's brook, delta, , 

Lunoid furrows, 

Lyell, Sir Charles . 

Ljndeborough mountain. 



Macoma, 166 

Maine strix, . . 194, 211, 227, 229 
Magalloway river, . . , 138, 225 
Magnetic variation, . . . 121 

(Nearly all the bearings recorded 
in this report are referred to the 
true meridian.) 
Man, antiquity of . - . . 328 
Manomet hill, . . . .301 

Maps of Connecticut river, 20, 24, 
40 ; of Pemigewaiset and Merri- 
mack, Contoocook and Ashuelot 
rivers, 70, 96; of modified drift in 
eastern N. H., 146; of Andover 
and Haverhill series of kames, 
16S; glacial map of North America, 323 
Marine shells, 18, 163, 165-167, 281, 
319; submergence, 18, 160, 165, 175 
238, 283, 319, 329 
Marshes, .... loj, 172 

Martha's Vineyard 302 

Mascomy lake, 216, 251 ; river, 40, 41 

Massachusetts, till in eastern, 10, 

299; striie, 19s, 212, 213; local 

gkciers, 215 ; lenticular hills, . 293 

299-301 

Masses of till in modified drift, , 160 

McClintock, Capt. F, L., . . 320 

Meadow, 21 

Melting of ice-sheet, 10, (I, [15, 121 
137, 149, 163, 174, 238, 303, 327 



Merrimack river, modified drift, 68- 
'03, 333; kames, 71, 76, 84-93; 
dunes, 73; recent changes, 81; 
recapitulation, 102; valley glacier, 

2 18-: 
Me rrymee ting river, . . 129, 1 

Mink brook, delta. 
Moats or sloughs, .... 
Modified drift (Chapter I), defined, 
3,4; origin, 3. II, 174, 238, 285, 
303 ; erosion of, 333 ; proof of ice- 
age, 28; contorted, 35, 52, 311; 
overlain by till, 17, 108, 125, 131, 
137, 159' '^3. 276, 279. 29°. 326; 
hills and plains of, on Long Island, 3 
Mohawk point, . . . . 1 

Molecular theory (Croll), . 322, 3 
Monadnock mountain, embossed 

ledges, 180; strise, . . . 1 
Moose mountain, Hanover, . . 2 
Moosilauke mountain, 217, 223. 271, i 
MorMne, ground, 9, 235, 282. 287, 
308, 3t8; in lenticular hills, 10, 
101, 254, 287-309; of boulders in 
Stratford, 23, 217, 339; in Haver- 
hill, 30, 31 ; at Twin Mountain 
house, 62, 242; in Littleton, 241 ; 
in Henniker, 112, 114; below Mas- 
comy lake, 2i6 ; west of Red hill, 
231; on Rocky Branch and Ellis 
river, 345 ; on Wildcat brook, 246- 
249; of boulders, in Nottingham, 
266; North Conway, 269; in the 
Alps, 314; kames changing into, 
85, 88, 92, 145 ; terminal, 21S, 
23s, 236, 246; lateral, 236; me- 
dian, 235, 245 ; river, 243 ; — ter- 
minal, of continental ice-sheet, 
301-305, 337; latest, from local 
sliding of ice, . . , 230-2 
Mountain summits, boulders on, 204-2 



Mer de glace, . 

VOL. III. 50 



33". 337 

!i5-3'8 



271 

Mt. Pequawket 373 

Mussel shells, fossil, . 163, 166, 281 
Myaarenaria, .... 166 

Mytilus edulis, .... 166 

Naushon island, .... 301 
New Jersey, terminal moraine, . 304 
Newberry, Dr. J. S., . . . 174 
Newburyport ridge, . . . 171 

Newfound lake, . . 75, 221, 252 
Niagara river, erosion since ice-age, 6 

Nine Islands, 28 

Nineteen-mile brook, . . 127, 138 
Nordenskiold, . . . .316 

Normal terrace, highest, 16, 61, 103 

North Branch, Antrim, . , 1 19, 222 
Northern Railroad summit 63, 181, 219 

Nowell, W. G 247 

Nu! began river 218 
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01 iverian brook, . . - 31. 217 

Orange sand, 323 

Orange summit, . 63-65, 181, 219 

Order of glacial events, . . . 337 
Ordination rock, .... 269 
Ossipee lake, 121, 123, 146, 149, 231 ; 

mountain, 231 ; river, . . . 146 
Ossipee series of kames, . 144-149 

Ox-bow at Haverbill, ... 29 



372 



Passu mpsic river, 
Patterson, Capt. C. P. . . , 375 
Pawtuckaway mountain, . . 222, 265 
Peabody river, . 141, 209, 226, 246 

Peat-bogs, ... 98, 151, 167 
Pebbles in gray clay, 154, 158, 160; 
in kame at Dover, 257 ; in kame at 
Concord, 259; in kame at Hanover, z6o 
Pemigewasset river, 6S ; valley glacier, 

221, 224 
Pennichuck brook, .... 100 
Pequawket pond and brook, i44;boul- 



Prece.ssion of equinoxes, - 
Pre-glacial channels, 
Prescott, Hon. B. F. 

Dr. William, on rec 
changes of Merrimack river. 
Profile of the Connecticut kame. 
Purgatory falls, 

Quaternary deposits, 
Quebec province, striae, . 
Quechee river, delta, 
" railroad cut, 



der. 



z68 

Pierre-a-bot 26s 

Pine cones, fossil, ... 18, 163 
Pine plains, . , 26,71,77,81,145 
Pine river and pond, . . [47-149 
Pinnacle, Hooksett, ... 94 

Piscalaqua river, . . . 149-166 
Piscataquog river, . . 90, 96, 114 

Plains of modified drift, 15; on Con- 
necticut river, 31, 36, 35, 56; on 
Lower Ammonoosuc river, 63 ; on 
Ashuelot river at Keene, 67 ; on 
Pemigewasset and Merrimack riv- 
er, 69. 72, 78, 80, 94, 95, 97, 99; 
at Greenfield, ro8, 116; on Con- 
toocook river, 109, 113, 114; on 
Saeo river, 143 ; about Ossipee 
lake, 145, 149; in Rochester, 151; 
in Kingston and southward, 165; 
on Cape Cod, 302 ; on Long Is- 
land, 304 ; kame-like plains Mout 
Dover and southward, 17, 155-164 

Planished ledges 180 

Pleasant mountain. Me., . . . 202 
Pleistocene deposits, , . . 176 
Plum island, Newburyport, 101, 172, 173 
Polaris bay, .... 317,319 

Polished ledges 227 

Pompanoosuc river, . . 37, 45 

Ponds 252, 301 

Porphyritic gneiss, boulders, 264, 271, 272 

274, 291 

Portland & Odgensbtirgli Railroad, 142 

275-277 

Portsmouth, Great Falls & Conway 

Railroad 144, 151 



Ragged 

Ramparts of lakes, . 

Rangeley lakes, 

Rattlesnake island, . . .120 

Recapitulation of modified drift of 
Connecticut river, 59-61 ; of Mer- 
rimack river, 102; of Chapter I, , 

Recent or terrace periods, 15, 175, 333 
338 

Red hill, . . 120, 132, 231, 237, 272 

Relative heights of land and sea, , 18 
329-333 

Remnants of the Connecticut kame, 

47.48 

Revienr of modified drift aJong Con- 
toocook river, 114-120; of the lake 
district, 136-138; of Saco river and 
Ossipee basin, 149; of the Cham- 
plain and Terrace periods, . . 174 

Rivers upon the ice-sheet, 11, 303, 
304; deposition of kames, 13; sub- 
■ ■ ■ 14. 44. 308, 318 



90,9 



River-beds, ancient, 24, ; 

Roches moutonnes, . 180, ; 

Rock-basins, . . . 121, 
Rockin^-stones, . . . ; 
Ross, Sir J. C, antarctic ice, . 
Rounded ledges, 4, 180, 195, : 
Runaway ponds. 



Saco river, 142-144, 149, 243; val- 

ley glacier, 229 

Salmon brook, Nashua, ... 99 
•■ Falls river, . . . .150 

Sawyer, Joseph B 156 

Saxicava rugosa 166 

" sand, . . . 166, 176 

Saxton's river, .... 54 

Scandinavian ice, . . . ■ 3<S 
Scotland, till, 307, 326; ice-sheet, . 315 
Scratched ledges and boulders — see 

Stria. 
Sea, changes ot leveL 18, 160, 165, 

173, 338, 383, 319, 329-333 
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Sea-coast, modified drift near, 17, 170-174 

Seal, fossi! 165 

Sections, Connecticut valley, 21, 23, 
23, 29, 32,37,39,40, SI, 52, 56; 
Merrimack valley, 70, 73. 79. 95, 
g8, 99; of modified drift under 
till, 108, 131, 132-135, 159; of 
gray and blue clay, IS3, 158-160; 
of kames, 87, 107', 158, 160; near 
Dover, 157-162; of till, 108, 131- 

137,255.383.29° 
Segregated veins in sand, . . 39 
Serpentine boulders, . . . 273 
Sewall's fells, 80 ; island, . . 83 

Shaler, Prof. N. S. . . . 288, 307 
Shawshin river, . . . 167, 168 
Shells, . . 18, 163, 165-167, 381 

Shoals, Isles of ... . 275 
Six-mile pond (Silver lake), . 144, 146 
Slides of land, . . 240, 247, 312 

Slope of ice-sheet, 7, 320 ; of highest 

terraces, . . 61,63, 103, 143 

Slopes of till, . . 249, 288, 306, 308 
Sloughs or moats, .... 24 
Smith's river glacier, . . . 219 
Snow-fall, building up ice-sheet, 5, 8, 325 
" line of perpetual ... 9 
Soapstone boulders, . . . 273 

Soucook river, .... 86 

Souhegan river, . , , 100, 116 
South, south-east, and south-west 
courses of striae, 202, 208, 210, 212, 

214. 319. 320, 323. 32s 
Spectacle pond, Meredith, . . 72 
Spruce swamp, Fremont, . 165, 170 

Squam lake, 126, 132; river, . , 126 
Stability of t lie continents, . . 18 
Station pond, Springfield, . . 252 
St. Lawrence valley, 18, 174, 208, 319 

325. 332. 337 

Stoss side, 180 

Stratification, horizontal ... 15 
StrijE, 4, 181-203, 212. 285, 288, 323 ; 
about Winnipiseogee lake, 122, 
224; on Monadnock, 197 ; on 
walls of ledge, 195, 223, 227, 229; 
intersecting, . . 195, 196, 200 

Striated boulders, . g, 260, 278, 286 

Stumps covered by the sea, . . r73 
Sub-glacial rive r.i, . 14, 44, 308, 318 

Submarine channel of Hudson river, 

329-331 

Submergence by sea, 18. 160, 165, 238 

283, 319, 329-333 

Sugar Ball bluff, Concord. . . 82 

" river . . 49, 50, 216, 293 

Sunapee lake 66 

Sweden, lower and upper till in, 10 ; 

ice-sheet 315 

Sweelser, M. F., . . . . 248 



Table ofConneclicut terraces, 59-61 ; 
of Merrimack terraces, 102 ; of gla- 
cial and Champlain deposits, 176 ; 
of slrise, 183-195; of sections in 
glacial drift, .... 290 

"Tail, crag and" . . 288, 293. 295 

Terminal front of ice-sheet, 5, 11; 
moraines, . . . 301-305, 337 

Terrace periods, . 15, 175, 333, 338 

Terraces, 3, 15, 21, 27, 58, 82, 175, 
338; highest nonnal terrace, 16; 
slope and height of. on Connecti- 
cut river, 59-61; do., on Merri- 
mack river, 102 ; delta terraces, 
j6, 23, 29, 33. 42, 52, 54, 57, 59- 
61, 102; glacis terraces. 33, 35; 
for the lowest terraces, ses/nlerval. 

Theory of continental ice-sheet (Ag- 
assiz), 4. 177, 320, 337; of cause 
of arctic climate (Croll), 5-9, 325 ; 
of marine submergence due to 
gravitation (Adh^mar), 18, 329- 
333i iceberg, 178, 195, 197. 215. 

238, 2S4, 324 

Til!. 4, 258. 282, 286; formation 
and distribution, 9, 10, 235, 285- 
309; division, 10, 216, 255, 262, 
279-282, 289, 301 ; sections, 290; 
overlying modified drift, 17, 108, 
125, 131, 137, 159, 163, 279, 289, 
290, 308, 326; erosion through, 
26; nias.ses of, in modified drift, 
160; lenticular hills, 10, 101, 254, 
287-309; slopes, 249, 287, 295, 
306, 308. See, also. Lower till 
and Upper till. 

Torell, Dr. Otto . . g, 10, 321, 326 

Towns, index to : 

Acworth, 3^2 

Albany, 272, 275 

Alexandria 220 

Allenslown, . . . . 70, 94 
Alstead, .... 263, 293, 294 
Alton, 121, 128, 134, 137. 224, 286, 295 
Amherst, . . 93, 96, 100, 297 

Mass., .... 300 
Andover, . , 200, 220, 296, 306 

Mass 167, 299 

Antrim, . , 96, no, 118, iig, 222 
Ashby, Mass., .... 300 
Ashburnham, Mass., . . . 300 
Ashland, . 70. 72, 126, 132, 137 
Auburn. 170 
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Barnet. Vt., . 

Barnstable, Mass., 

liarnstead, 

Barrington, 

Bartlett, . 

Bath, 

Bean's Purchase, 

Bedford, , 

Bellows Falls, Vt., . 

Helmont. 

BenningtoD, . 

Uenton, , 

Bernardston, Mass.. 
Bethel, Me., . 
Bethlehem. . 
Bloonifield, Vt.. 
Bos ca wen, 

Bradford, Vt.,. 
Brattleborough, Vt., 
Brentwood, 
Bridge water, . 
Bristol, . 
Brookfield, 
Brunswick, Vt., 

Canaan, . 
Canaan, Vt., . 
Candia, . 
Canterbury, 

Center Harbor, 
Charlestown, , 
Chelmsford, Mass., 
Chester. . 
Chesterfield, , 
Chichester, 
Claremont, . 4c 
ClarkesVille, , 
Colebrook, 

Concord, 6g, 70, 79-84, 114. 



40, 54. 274. 294 



Effingham, 
Eliot. Me., 
Enfield. . 
Epping, . 

Fairlee, Vt., 

Farmington, 

Fisherville, 

Filzwilliam. 

Frances town, 

Franconia, 

Franklin, 

Freedom, 

Fremont, 

Fryeburg. Me., 

Gardner. Mass. 
Gilead, Me.. 
Gilford, . 
Gilmanton. 
Gilsum, . 
Goffstown. 
Gorham. . 
Grafton. . 
Greenfield, 
Greenland, 
Greenville, 
Groton, . 
Groton, Mass. 
Grove Ion, 
Guildhall. Vt., 
Guilford, Vt., 

Hampstead, 
Hampton. 
Hampton Falls, 
Hancock, 
Hanover, 24, 



264, 339 Harrisville, 

20. 22 Hartford, Vt,, 

221, 259 Hartland, Vt., 

275, 296 Haverhill. 

268. 284 Haverhill, Mass, 

, 48, 264 Henniker, 



. 29s 

. 298 

43, 244, 269 

" 63, 270 

247, 274. 340 

). 96. 297 

:(•, 47, 53 

124. 222 



233-23S, 241, 309 

, 7°. 76. 79, 221 

■ 70. 87, 94 

■ 24. 27, 33 

■ 40. SS. 56 
146. 233, 29S 

70, 72 
70, 75 

:, 224, 232, 375 



27. 40. 47. 50 



146. 147, 203, 231,313 
. 166, 298 

270, 273, 284, 29S 
, 139, 226. 340 

- iS4. '64,298 

24, 33 

. 130, 152. 297 

80, 83 

. 294 

■ 232, 297 

68, 70, 225. 274 

69, 70, 74, 76, 123, 221 

. 146. 274 

165, 170, 233. 271 

. 143. 203 



;l, 130, 138, 272 
222, 273, 29s 

6, 263, 267, 294 
271. 2K8. 296 
141. 208, 226 

■ 219, 232 
96, 108, 116. 297 

■ 162, 356 
■ 297 
. 223 



Danbury, 

Dalton ^4 

Deerfield, . . 221, 222, 233. 298 
Deeriiig, , . . 96, no, 118, 297 

Dixville 271 

Dover. 17, 146, IS4, 155-161,257,298. 333 
Dublin, . . , , 197, 294, 306 

Dummer. 139 

Dummerston, Vt,, . . .40,48. 
Dunbarton, 



Hill 



249, 296 



Holderness, 
Hooks ett, 
Hopkinton, 
Hudson, . 

Jaffrey, . 
Jefferson, 



40, 46, 262 

27,29,212, 217 
j6;. 170, 299 

70, 76 

96, 111, 118 

6, 212, 214, 263 

274. 294 

70, 72, 224 



, 94. ; 



. 334 
296 



East Kingston, 



146, 154, 299 Keene, 



Hosted by 



Goosle 
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3SS 



Kensingtor 

Kittery, Me., , 

La.coiiia, . 
Lake Village, 
Lancaster, 
Langdon, 
Lawrence, Mass., 
Lebanon, 

Lempster, 
Lincoln, . 

Lilchlield,' 
Littleton, 
Londonderry, 
Loudon, . 
Lunenburg, Vt., 
Lyman, . 

Lyndeborougli, 

Madbury, 
Madison, 
Maidstone, Vt., 
Manchester, 70, 5 

Marlborough, . 
Mario w, . 
Mason, . 
Mclndoe's Falls, Vl., 
Meredith, 
Merrimack, 
Meehuen, Mass,, 

Milford, '. '. 
Milton, . 
Monroe, . 
Mont Vernon, . 
Moulton borough, 



!i6, 251, 2( 

69, 70, Z25, 269, 2; 

■ 63, 2; 

69, 74, 96, ( 

24, 63, 211, 2; 

, 70, 74. 96, 2: 



Northumberland, 
North wood. 
North Hampton, 
Norwich, Vl., 
Nottirgham, 

Orange, . 
Orford, . 

Pelham, . 

Pembroke, 

Peterborough, 

Piermont, 

Pittsburg, 

Pittsfield, 

Plainfield, 

P la is tow, 

Plymouth, 

Plymouth. Mass., 

Portland, Me., 

Portsmouth, 

Provincetown, Mass. 

Putney, Vt. 



Nashua, . 
Nelson, . 
Newbury, 
Newbury, Vt., 
Newbury, Mass., 
Newbury port, Ma 
Newington, 
Newmarket, 
Newport, 
Newton, . 
New Boston, . 
New Durham, . 
New Hampton, 



267, 271, 293 
. 146, 170 
. 273, 297 
137, 202, 232 
70. 72, 73. 75. 122, 131 



New Ipswich, . 
New London, . 
Norihfield, 
Northfield, Mass., 



. 66, 296 

70, 74 

40. 57. 274 



70, 74, 86. 95, 334 
96, 104, If 7, 297 
. 24, 27, 32, 212 
20, igs, 273, 338 

202, 221, 284, IQC 

40, 42, 293, 313 
', 155. 165. 170. 299 
o, 72, !8i, 223, 313 



Raymond, 

Rindge, . 

Rockingham 

Rochester, 

Rollinsford, 

Roxburv, 



mney, 



. 233, 270 
. 104, 115, 294 
■ 27, 40. SO 
■.46. 150. 151. 153. 297 



Salisbury, 
Salisbury, Mass. 
San born ton, 
Sand own. 
Sandwich, 
Seabrook, 
Sharon, . 
SlieJburne, 
So mers worth. 
South Berwick, Me., 
South Hampton, 
South Newmarket, 
Springfield, 
Springlield, Vt. 
Stewarts town, 
Stoddard, 
Strafford, 
Strath am, 
Stratford, 
Sullivan, . 
Sunapee, 

Swanzey, 



141. '95. : 
146, 150, : 
iS2, 165, : 



145, 146, 224, 269, 309 



Hosted by 



Goosle 
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Temple, , 

Thetford, Vt., 

Thornton, 

Tilton, . 

Troy. 

Truro, Mass., . 

Tuftonborough, 



Tyngsborough, 1 



124 Valley drift. 



Vernon, Vt 27, 40, 57 



Wakefield, 147, 
Walpole, 
Warner, . 
Warren, . 
Warttick. Mass., 
Washington. . 
Waterford, Vt., 
Waterville, 

Weaih'ersfield. Vt.. 
Webster, 
Went worth, 
Westmi ester, Vt., 
Westmoreland, 
Wbitefield, 
Wilton, . 
Winchester, 
Windsor, Vt., . 
Wolfe bo rough, 



211, 224, 275, 29s 

40, 54. 263. 393 

96. 113, 200, 296 

213,223, 251. 271 



24 
. . . 26g 

. 273. 295, 313 

. 349. 271 

40. 54 

40, 48, 263, 294 

■ 27s, 309. 3" 

■ 297 

40, 216, 263, 294 

35, 40, 43, 48, 201 

121, 128, 133. 138 

224, 29s 

26, 29 



Triassic conglomerate, , . 274, 283 

Tributary deltas — see Deltas. 

Trisback hill, 50 



Utnbagog lake, . . , 139, : 
Unmodified drift, . . . 3, 1 
Unstable boulders in till, . 262, ; 

Upham, Warren, chapter by, 3; on 
distribution of the till, 285; on 
changes of sea-level, . . . ; 
Upper Seech pond, . . . 12B, : 
Upper till, defined, ro, 11, 176, 282, 
286, 290; extent and depth, 286; 
at Boar's Head, 255; Hartford, 
Vt., 262 ; Portland, Me., 279 ; 
Lyndeborough, 283 ; forming ter- 
minal moraines, 301-305; cover- 
ing lenticular hills, 309; over Cham- 



glacial, 209, : 



15. '75- »76 



;-229 



Veins in sand, 

Vermont strise, 193. 194, 202, 211 ; 
local glaciers, 216, 250; boulders, 

265 ; hills, 309 

Vertical seams of modified drift, 290, 308 

Vessel rock, Gilsum, . . . 267 

Vose, George L., 182, 209, 210, 226 

228, 234 



Wait's river, ... 33, 42. 264 

Walls, stris on, 19;, 223, 229; sea, 311 
Wantastlquit raoyntain, ... 56 

Warner river, "3 

Washington boulder, . . 176,269 
" Mt., covered by the ice- 

sheet, 5, 203-208; boulders, . 272 

Weirs, . 125, 126, 131. 138, 252, 275 
Wells in Manchester, i^\ near IVIel- 
vin Village. 133; in Wolfebor- 
ough, 133; in Greenland, 163; in 
North Hampton. 164; in South 
Berwick, Me., 165; in Rye. t7i ; 
in Tuftonborough, etc., - . 290 

Wells river, 29 

West river, 55 ; mountain, . . 5^ 
Weston, Hon. James A. . . . 156 
■•Whale's Back," Concord, . 84, 259 
Wheelock, G. A., stri« on Monad- 
nock, 197-200 

Whetstone brook, delta, . . 55, S7 
White Mountains, 121, 149, 203. 212, 
234, 287 ; local glaciers, 238, 239- 



249; 



284 



White Mountain Notch, ' 62, 142, 229, 238 
" river, ancient bed, . . 40 

" River falls, . . .26, 39, 46 

Whittaker pond, Henniker, 

Wildcat brook, 

Willand pond, 

Williams river, delta, 

Winchell, Prof. N. H.. on kames, . 

Winnipiseogee lake, modified drift, 
17, 103, 120-138; 252,310; stris. 



Wukawan lake, 



Young's pond. Ljm 



Hosted by 



Qpogle 
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Goosle 
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Hosted by 



Goosle 



